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1 4.  ABSTRACT  (Enter  a  brief  (approximately  200  words)  unclassified  summary  of  the  most  significant  finding 
during  the  research  period.) 

Millions  of  older  veterans  will  encounter  mild  to  moderate  memory  or  cognitive  losses.  It  is  critical  to  identify 
strategies  to  maintain  functional  independence  and  maximize  quality  of  life  for  these  individuals.  We  used  a  large, 
diverse,  longitudinal  study  of  middle  aged  and  older  Americans  to  identify  factors  that  help  individuals  preserve 
functional  independence  as  long  as  possible,  even  in  the  context  of  declining  memory  or  memory  impairment. 
Memory  loss  strongly  predicted  incident  limitations  in  basic  and  instrumental  Activities  of  Daily  Living  (l/ADLs). 
Physical  activity  predicted  lower  risk  of  incident  limitations  even  among  those  with  cognitive  impairment,  while 
smoking  and  depression  may  increase  the  risk  of  incident  ADL  limitations.  Physical  activity  was  also  associated 
with  lower  risk  of  future  nursing  home  admission,  another  powerful  indicator  of  functional  independence.  Although 
most  family  level  variables  were  not  associated  with  independence  outcomes,  being  married  and  having  a  spouse 
with  more  education  and  lower  depressive  symptoms  predicted  better  functional  outcomes.  Finally,  our  results 
indicate  that  several  features  of  neighborhood  of  residence,  including  perceived  safety,  disorder,  and  cohesion 
predicted  IADL  outcomes,  in  individuals  with  or  without  memory  impairments.  Memory  impairment  increases  the 
risk  of  disability,  but  many  strategies  can  stave  off  dependencies,  maximize  quality  of  life,  and  minimize  caregiver 
burden.  These  findings  lay  the  groundwork  for  policies  regarding  housing  settings,  interventions  for  management  of 
chronic  conditions,  and  interventions  to  provide  resources  for  caregivers  to  improve  functional  independence  in 
older  veterans. 

15.  SUBJECT  TERMS  Disability,  functional  independence,  activities  of  daily  living,  instrumental  activities  of  daily 
living,  individual,  family,  community,  dementia,  memory  impairment 
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1.  INTRODUCTION 

Memory  losses  are  common  among  long-term  survivors  of  traumatic  brain  injury  (TBI) 
and  TBI  has  been  linked  to  increased  risk  of  memory  impairment  and  dementia.  This  is  an 
important  determinant  of  long-term  well-being  for  military  service  men  and  women  and  their 
families,  because  of  the  elevated  incidence  of  TBI  in  combat  areas  and  the  high  prevalence  of 
memory  impairment  in  the  general  older  population.  Memory  and  cognitive  impairments  predict 
substantial  losses  in  ability  to  independently  manage  daily  activities;  this  loss  of  independence 
can  be  devastating  to  the  individual  and  his  or  her  family.  To  avoid  dependence,  we  need  to 
identify  factors  which  preserve  independence  even  in  the  face  of  memory  and  cognitive  losses. 
While  studies  have  examined  predictors  of  institutionalization  among  those  with  dementia(f), 
factors  like  depression  which  predict  institutionalization  may  be  undertreated  among  those  with 
dementia. (2)  It  is  not  known  whether  managing  these  risk  factors  among  individuals  with 
cognitive  impairment  is  important  because  little  research  has  been  done  on  whether  resources 
at  personal  and  environmental  levels  can  modify  the  translation  of  impairments  caused  by 
neurodegenerative  diseases  into  functional  disabilities.  Current  understanding  of  disability 
emphasizes  that  physical  impairments  in  body  functioning  or  structure  do  not  necessarily  induce 
functional  disability  because  environmental,  behavioral,  and  instrumental  accommodations  can 
foster  continued  independence. (3)  Individual  level  modifiers  for  example,  physical  activity  or  not 
being  depressed,  and  family  level  modifiers  for  example,  spouse’s  education  and  contacts  with 
friends  and  family,  may  also  influence  functional  limitations  and  the  individual’s  ability  to  use 
accommodations  or  coping  strategies  and  may  help  promote  functional  independence  even 
among  individuals  with  memory  loss  or  dementia.  We  proposed  to  use  data  from  the  nationally 
representative  Health  and  Retirement  Study  (HRS),  a  large,  diverse,  longitudinal  study  of  middle 
aged  and  older  Americans,  to  identify  modifiable  individual-,  family-,  and  community  level 
factors  that  help  individuals  preserve  functional  independence  as  long  as  possible  even  in  the 
context  of  declining  memory  or  cognitive  impairment. 
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3.  ACCOMPLISHMENTS 
What  were  the  major  goals  of  the  project? 

1 .  Estimate  the  association  between  memory/cognitive  losses  and  changes  in  functional 
independence  in  HRS  cohort  members  (Q3  2012) 

2.  Test  individual  level  resiliency  factors  as  modifiers  of  the  effects  of  memory  on  functional 
impairments  in  longitudinal  models  (Q3  2012  through  Q1  2013) 

3.  Link  family  level  variables  and  test  family  level  resiliency  factors  as  modifiers  of  the 
effects  of  memory  functional  impairments  (Q1  2013  through  Q3  2013) 

4.  Test  community  level  resiliency  factors  as  modifiers  of  the  effects  of  memory  on 
functional  impairments  (Q1  2015  through  Q1  2016) 

5.  Characterize  neighborhood  resources  using  ecometric  methods,  linking  other  data,  e.g. 
Census  and  American  Community  Survey  to  (Q1  201 5  to  Q4  201 5). 

6.  Summary  models  identifying  most  powerful  modifiable  factors  promoting  independence 

despite  memory  loss  (Q1  2016  through  Q3  2016) 


What  was  accomplished  under  these  goals? 

•  Developed  inverse  probability  weighting  models  to  statistically  account  for  selective 
survival  and  dropout. 

•  Completed  statistical  programming,  specified  core  statistical  models  and  derived 
preliminary  estimates  of  the  association  between  cognitive  loss  as  measured  by  a 
dementia  probability  score  and  changes  in  functional  independence  as  measured  by  five 
Activities  of  Daily  Living  (ADL)  and  five  Instrumental  Activities  of  Daily  Living  (IADL)  in 
Health  and  Retirement  Survey  (HRS)  cohort  members. 

•  Tested  individual  level  resiliency  factors  as  modifiers  of  the  effects  of  cognitive 
impairment  on  ADL  limitations  using  pooled  logistic  regression  and  Poisson  regression 
as  well  as  inverse  probability  weighting. 

•  Published  a  manuscript  on  cognitive  impairment,  individual-level  modifiers  and  incident 
ADL  limitations. 

•  Published  a  manuscript  on  cognitive  impairment,  individual-level  modifiers  and  incident 
IADL  limitations. 

•  Submitted  abstracts  to  the  American  Academy  of  Neurology  Annual  Meeting  in  201 4  and 
the  Society  of  Epidemiological  Research  Annual  Meeting  in  2014. 

•  Linked  family  level  variables  and  tested  family  level  resiliency  factors  as  modifiers  of  the 
effects  of  memory  functional  impairments. 

•  Published  manuscript  presenting  results  from  analysis  of  cognitive  impairment,  family- 
level  modifiers,  and  incident  l/ADL  limitations. 

•  Published  manuscript  examining  the  influence  of  neighborhood  level  factors  on  incident 
l/ADL  limitations  and  if  these  associations  varied  by  cognitive  status. 

•  Published  manuscript  estimating  effects  of  physical  inactivity,  ever  smoking,  and  not 
consuming  alcohol  on  risk  of  nursing  home  admission  as  a  measure  of  functional 
independence. 


To  accomplish  the  tasks  outlined  above,  we  first  completed  an  analysis  examining  the 
impact  of  individual  level  modifiers  on  the  association  between  cognitive  impairment  and 
incident  ADL  limitations.  The  complete  manuscript  of  this  analysis  (“Dementia  and  dependence: 
Do  modifiable  risk  factors  delay  disability?”)  was  published  in  Neurology  in  2014  and  is  available 
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as  an  appendix.  In  brief,  we  used  data  from  individuals  enrolled  in  the  Health  and  Retirement 
Study.  The  sample  included  4,922  Health  and  Retirement  Study  participants  aged  65+  without 
limitations  in  activities  of  daily  living  (ADLs)  at  baseline.  Participants  were  interviewed  biennially 
up  to  12  years.  Cognitive  status  was  assessed  through  a  dementia  probability  score  and  a 
memory  score,  both  of  which  were  estimated  from  composites  of  direct  and  proxy  assessments. 
We  divided  the  dementia  probability  score  and  memory  score  into  four  categories  representing 
low,  mild,  moderate  or  high  probability  of  developing  dementia  or  of  having  memory 
impairments.  Our  outcome  was  reported  difficulty  in  any  of  the  five  activities  of  daily  living 
(getting  across  a  room,  dressing,  bathing,  eating,  and  getting  in  and  out  of  bed)  in  the  past  30 
days.  We  assessed  whether  physical  activity,  smoking,  alcohol  consumption,  depression  and 
income  reduced  the  chances  of  incident  ADL  limitations  for  individuals  across  the  categories  of 
dementia  risk  and  memory  impairments,  using  pooled  logistic  regression  models  with  inverse 
probability  weights  to  adjust  for  time-varying  confounding.  We  assessed  multiplicative  and 
additive  interactions  of  dementia  category  with  each  modifier  in  predicting  incident  ADL 
limitations. 

As  expected,  higher  dementia  score  category  was  associated  with  an  increased  risk  of 
ADL  limitations  (OR=1 .65,  95%  Cl:  1 .49-1 .83  per  category  increase).  On  a  relative  scale, 
physical  inactivity  was  associated  with  an  increased  risk  of  incident  ADL  limitations  among 
those  with  low  dementia  probability  (OR-1 .51 , 95%  Cl:  1 .25,  1 .81 ).  Importantly,  the  interaction 
between  physical  activity  and  dementia  probability  was  close  to  1  and  not  significant,  indicating 
that  the  estimated  relative  harm  of  low  physical  activity  was  similar  regardless  of  dementia 
category. 

In  our  next  set  of  analyses,  we  calculated  the  marginal  probability  of  developing  any 
incident  ADL  limitations  for  each  combination  of  modifier  status  and  low  or  high  dementia  risk. 
These  analyses  addressed  the  impact  of  the  modifiers  on  an  absolute  scale.  We  observed  that 
smoking,  not  drinking  and  low  income  have  larger  adverse  effects  on  the  absolute  probability  of 
developing  incident  ADL  limitations  among  those  with  high  dementia  probability  than  among 
those  with  low  dementia  probability.  This  suggested  that  even  among  individuals  with 
substantial  cognitive  impairment  managing  conventional  risk  factors  is  very  important  and  may 
provide  a  way  to  stave  off  dependencies,  maximize  quality  of  life  and  minimize  caregiver 
burden.  The  next  step  in  this  research  (not  covered  in  the  current  proposal)  would  be  to  assess 
whether  changes  in  these  risk  factors  predict  changes  in  ADL  limitations  and  evaluate  who 
among  the  population  these  risk  factors  influence  the  most,  in  order  to  better  guide  intervention 
development. 

In  addition  to  containing  data  on  ADL  limitations,  the  HRS  cohort  also  assessed 
limitations  in  Instrumental  Activities  of  Daily  Living  (lADLs).  The  manuscript  titled  “Do  physical 
activity,  smoking,  drinking  or  depression  modify  transitions  from  cognitive  impairment  to 
functional  disability?”  was  recently  published  in  Journal  of  Alzheimer’s  Disease  in  2015  and  is 
available  in  the  appendix.  The  analysis  sample  included  5,219  HRS  participants  aged  65+ 
without  activity  limitations  in  1998  or  2000. 

Similar  to  the  ADL  analysis,  we  examined  the  impact  of  both  memory  score  and 
dementia  probability  status  on  our  outcome.  We  categorized  memory  and  dementia  status 
based  on  quartiles  of  their  distributions  at  baseline.  These  categories  were  modeled  as  indicator 
variables  due  to  the  non-linear  associations  between  memory  impairment  and  incident  IADL 
limitations.  Since  we  were  interested  in  examined  the  effect  of  our  modifiers  among  those  who 
are  cognitively  impaired,  worst  memory  function  or  high  dementia  probability  were  used  as  the 
reference  group  for  all  analyses.  Results  for  memory  and  dementia  were  similar  so  we  will  only 
discuss  the  results  for  dementia  probability  below. 

We  used  the  same  modifiers  as  those  used  in  our  ADL  analyses  (physical  activity, 
smoking,  alcohol  consumption,  depression  and  income).  Our  exposure  and  modifier  status  was 
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assessed  in  the  wave  prior  to  our  outcome  assessment.  For  our  outcome,  we  used  limitations  in 
the  past  30  days  in  lADLs.  The  lADLs  assessed  in  FIRS  were  using  a  telephone,  taking 
medication,  handling  money,  shopping  and  preparing  meals.  Possible  response  options  were 
yes,  no,  or  do  not  do,  which  was  treated  as  missing  in  this  analysis.  Dementia  probability, 
categorized  in  quartiles,  was  used  to  predict  incident  IADL  limitations  with  Poisson  regression. 
We  estimated  relative  (risk  ratio)  and  absolute  (number  of  limitations)  effects  from  models 
including  dementia,  individual-level  modifiers  (physical  inactivity,  smoking,  no  alcohol 
consumption,  and  depression)  and  interaction  terms  between  dementia  and  individual-level 
modifiers. 

Dementia  probability  quartile  predicted  incident  IADL  limitations  (relative  risk  for  highest 
versus  lowest  quartile  =  0.44;  95%  Cl:  0.28-0.70).  Physical  inactivity  (RR  =  1.60;  95%  Cl:  1.16, 
2.19)  increased  the  risk  of  IADL  limitations  among  the  cognitively  impaired.  The  interaction 
between  physical  inactivity  and  low  dementia  probability  was  statistically  significant  (p=  0.009) 
indicating  that  physical  inactivity  had  significantly  larger  effects  on  incident  lADLs  among 
cognitively  normal  than  among  those  with  high  dementia  probability. 

In  conclusion,  our  results  suggest  that  maintaining  physical  activity  should  be  a  high 
priority  for  individuals  with  cognitive  impairment  as  well  as  their  families  and  clinicians  because 
it  may  help  to  stave  off  dependency. 

Our  previous  analyses  have  focused  on  the  role  of  individual-level  factors  on 
ameliorating  the  impact  of  cognitive  impairment  on  functional  limitations.  Flowever,  extensive 
evidence  suggests  that  social  networks  also  influence  various  domains  of  health,  with  some 
evidence  of  special  importance  of  spouses  and  friends  for  older  adults.  Little  is  known  about 
whether  these  associations  prevail  for  onset  of  instrument  and  basic  activities  of  daily  living 
(l/ADLs)  and  whether  they  differ  for  individuals  with  memory  impairment.  The  objective  of  the 
next  part  of  our  project  was  to  determine  whether  family-level  factors  reduce  the  risk  of  incident 
l/ADLs  and  whether  these  associations  differ  for  individual  with  high  versus  low  dementia 
probability.  We  present  an  overview  of  our  methods  and  results  below.  Our  analytic  sample 
included  4,1 00  Health  and  Retirement  Study  Participants  Study  aged  >65  without  baseline 
limitations  in  activities  of  daily  living  (ADLs)  or  instrumental  activities  of  daily  living  (lADLs)  were 
interviewed  biennially  for  up  to  1 2  years. 

The  family-level  variables  we  examined  in  this  study  included  living  arrangements, 
proximity  to  children,  contacts  with  friends,  spouse’s  depression  status,  spouse’s  employment 
status,  and  spouse’s  education  status.  We  estimated  the  risk  of  incident  ADL  or  IADL  limitations 
using  pooled  logistic  regression  controlling  for  individual  characteristics  and  cognitive  function. 
We  also  explored  whether  dementia  probability  status  may  modify  the  association  between 
family-level  variables  and  incident  l/ADL  limitations. 

To  account  for  selection  and  attrition  during  the  course  of  the  study,  we  used  inverse 
probability  weights.  Those  with  high  dementia  probability  at  baseline  were  less  likely  be  married 
compared  to  those  with  lower  dementia  probability  (Table  1).  1 ,500  people  reported  any  ADL 
limitation  and  1,496  people  reported  any  IADL  limitation  during  the  course  of  the  study.  Table  2 
shows  the  associations  between  our  family-level  variables  and  the  risk  of  incident  ADL  or  IADL 
limitations.  Few  family-level  variables  predicted  incident  limitations.  Not  being  married  compared 
to  being  married  (ADL  OR=1.14;  95%  Cl:  1.01,  1.30),  having  a  depressed  compared  to  a  non- 
depressed  spouse  (ADL  OR=1 .56,  95%  Cl:  1 .21 , 2.00)  or  a  spouse  with  less  than  high  school 
education  (ADL  OR=1 .29,  95%  Cl:  1 .06,  1 .57)  compared  to  at  least  high  school  education 
predicted  increased  risk  of  incident  ADL  but  not  IADL  limitations.  Living  with  someone  other 
than  a  spouse  compared  to  living  with  a  spouse  increased  risk  of  ADL  (OR-1 .35;  95%  Cl:  1.11, 

1 .65)  and  IADL  (OR=1 .30;  95%  Cl:  1 .06,  1.61)  limitations.  Effects  did  not  vary  by  dementia 
probability  (Table  3).  The  paper  presenting  these  results  were  published  in  the  American 
Journal  of  Geriatric  Psychiatry  in  2016  and  is  available  in  the  appendix. 
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We  undertook  analyses  to  determine  whether  low  neighborhood  disorder,  high 
neighborhood  safety,  social  cohesion,  and  social  ties  reduced  the  incidence  of  l/ADL  limitations 
and  whether  these  relationships  were  modified  by  memory  function.  The  neighborhood  can 
represent  an  older  adult’s  primary  environmental  context.  As  health  declines  (4)  or  the  elder 
becomes  unable  to  drive  (5),  more  time  is  spent  in  the  local  community.  Neighborhood  social 
ties,  perception  of  neighborhood  safety,  and  neighborhood  physical  disorder  can  facilitate  or 
restrict  movement  and  independence. 

Beginning  in  2006,  questions  assessing  neighborhood  physical  disorder  and  social 
cohesion  were  posited  in  each  biennial  HRS  wave  to  a  rotating,  random  sample  of  50%  of  the 
core  participants  who  completed  the  enhanced  face  to  face  interview.  This  study  utilizes  2006 
and  2008  data.  Neighborhood  variables  assessing  safety  and  social  ties  were  asked  of  all  the 
core  participants  in  every  biennial  wave,  but  to  have  consistency  with  the  timing  of  the 
neighborhood  measures  above,  for  participants  answering  questions  regarding  physical 
disorder  and  social  cohesion  in  2006,  we  used  data  on  safety  and  social  ties  from  2006. 
Likewise,  for  participants  with  data  on  physical  disorder  and  social  cohesion  in  2008,  we  used 
data  for  the  other  neighborhood  variables  from  2008.  We  fitted  pooled  logistic  models  and 
controlled  for  individual  characteristics,  demographics,  health  behaviors,  and  comorbidities. 

In  this  study,  we  investigated  four  community-level  factors:  physical  neighborhood 
disorder,  social  cohesion,  neighborhood  safety,  and  neighborhood  social  interaction. 
Participants  were  asked  to  assess  the  neighborhood  physical  order  by  the  presence  of 
vandalism/graffiti,  vacant  or  deserted  houses,  cleanliness  of  the  area,  and  whether  respondents 
would  be  afraid  walking  home  at  night.  The  social  cohesion  scale  measured  feelings  of  trust, 
feeling  part  of  the  area,  whether  the  respondent  thinks  people  are  friendly  or  would  help  them  if 
they  were  in  trouble.  HRS  respondents  were  asked  how  they  would  rate  the  safety  of  their 
neighborhood  with  response  items  being  excellent,  very  good,  good,  fair,  or  poor.  Lastly,  we 
assessed  social  ties  to  neighbors.  Participants  were  asked  if  they  had  friends  in  the 
neighborhood  and  separately  if  they  had  relatives  in  the  neighborhood.  They  were  also  asked 
how  often  they  get  together  with  neighbors  for  a  social  visit.  We  created  a  composite  measure 
defined  as  the  mean  of  the  four  individual  neighborhood  measures. 

After  adjustment  for  demographics  and  socioeconomic  status  (model  2),  neighborhood 
characteristics  were  associated  with  IADL  incidence:  (physical  disorder  OR=0.51  comparing  the 
lowest  to  highest  possible  neighborhood  physical  disorder  (95%  Cl:  0.37,0.69));  neighborhood 
social  cohesion  (OR=0.46  comparing  highest  to  lowest  cohesion  (95%  Cl:  0.34,  0.62)); 
neighborhood  safety  (OR=0.59  comparing  ratings  of  excellent/very  good/  good  vs  fair/poor 
(95%  Cl:  0.46,  0.76));  and  the  composite  neighborhood  measure  (OR=0.31  (95%  Cl:  0.20, 
0.48)).  These  neighborhood  characteristics  were  also  associated  with  incidence  of  ADL 
limitations  (physical  disorder  OR=0.59  (95%  Cl:  0.43,  0.81));  social  cohesion  OR=0.60  (95%  Cl: 
0.45,  0.81);  safety  OR=0.74  (95%  Cl:  0.58,  0.93);  composite  OR=0.49  (95%  Cl:  0.32,  0.76). 
Neighborhood  social  ties  were  not  related  to  lADLs  (OR=0.93  (95%  Cl:  0.74,  1.17))  or  ADLs 
(OR=1 .01  (95%  Cl:  0.80,  1.28)  (Table  5). 

Low  neighborhood  physical  disorder,  high  social  cohesion,  and  high  safety  were 
protective  for  onset  of  lADLs  among  participants  with  normal  memory  but  the  effects  were 
attenuated  and  not  statistically  significant  among  participants  with  memory  impairment  (Table 
6).  P-values  for  interaction  between  memory  and  each  of  the  neighborhood  characteristics  were 
as  follows:  social  cohesion:  <0.001,  physical  disorder  p-value:<0.01 ;  neighborhood  safety  p- 
value:0.05;  social  ties  p-value:0.02;  composite  p-value:<0.001).  In  contrast,  there  was  no 
evidence  of  interactions  on  the  relative  scale  between  any  of  the  neighborhood  factors  and 
memory  function  (p  >0.1  for  all  interactions)  for  onset  of  ADLs  (table  6.  Stratified  results  by 
memory  function  and  neighborhood  characteristics  are  presented  in  Table  7. 
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The  next  priority  areas  for  this  research  area  are  to  understand  whether  effects  are 
similar  for  veterans  or  other  populations.  The  final  task  for  this  year’s  annual  report  was  to  “Link 
each  study  participants  to  census  tract  (CT)  of  residence  at  each  interview  wave.”  We 
experienced  substantial  delays  in  accessing  the  HRS  census  tract  data,  because  the  HRS 
approval  process  changed.  We  have  now  completed  the  process  of  meeting  the  data  storage 
requirements  to  work  with  this  restricted  data  in  the  HRS  at  UCSF.  We  have  been  granted 
access  to  the  data.  The  final  paper  is  preparation,  and  we  anticipate  it  will  be  submitted  in  the 
next  6  months.  The  funding  for  this  remaining  work  will  be  supported  by  Maria  Glymour’s 
discretionary  fund  at  UCSF. 

The  original  scope  of  the  grant,  which  intended  to  identify  social  resources  that  preserve 
functional  independence  after  memory  loss,  focused  on  conventional  l/ADL  measures  as 
measures  of  ‘functional  independence.”  We  realized  that  in  our  data  nursing  home  admission  is 
another  extremely  valuable  measure  of  functional  independence,  so  we  applied  the  methods 
developed  for  this  grant  to  examine  nursing  home  admission  as  an  outcome  event.  These 
analyses  should  be  especially  informative  for  risk  factors  that  were  found  to  affect  either 
instrumental  or  basic  ADL  limitations,  but  not  both:  in  some  ways  nursing  home  admission 
provides  an  even  more  powerful  indicator  of  dependence.  Cognitive  impairment  strongly 
predicts  risk  of  nursing  home  admission(6,  7),  more  than  doubling  the  risk  of  nursing  home 
admission  according  to  a  large  meta-analysis. (6)  Given  the  strong  association  between 
cognitive  function  and  risk  of  nursing  home  admission,  there  is  a  growing  interest  in  finding 
factors  which  may  delay  nursing  home  placement  even  among  those  with  cognitive  impairment. 
Using  methods  which  we  developed  as  part  of  this  grant,  we  have  performed  analyses 
examining  effect  of  cognitive  status  and  modifiable  risk  factors  on  the  risk  of  nursing  home 
admission.  We  also  evaluated  interactions  between  cognitive  status  and  each  risk  factor  to 
determine  if  the  relative  or  absolute  impact  of  each  modifiable  factor  differs  based  on  the 
individual’s  cognitive  status.  We  hypothesized  that  physical  inactivity,  not  consuming  alcohol, 
and  ever  smoking  would  predict  nursing  home  admission  among  individuals  with  normal 
cognitive  function,  but  effects  of  these  risk  factors  would  be  attenuated  in  both  relative  and 
absolute  terms  among  individuals  with  impaired  cognition. 

The  risk  factors  considered  in  our  first  analyses  were  physical  inactivity,  not  consuming 
alcohol,  and  ever  smoking.  In  addition  to  including  dichotomized  dementia  probability,  physical 
activity,  alcohol  consumption,  and  smoking  status,  all  analyses  were  adjusted  for  demographics, 
socioeconomic  status,  and  comorbidities.  Our  sample  for  these  analyses  included  7,631  HRS 
participants  in  the  2000  interviews  who  were  age  65  or  older  and  did  not  report  a  nursing  home 
stay  or  living  in  a  nursing  home  in  1998  or  2000.  During  follow-up,  2,353  people  reported 
admission  to  a  nursing  home. 

Table  8  shows  the  association  between  our  risk  factors  and  low  dementia  probability  and 
risk  of  nursing  home  admission.  Those  with  low  dementia  probability  had  roughly  half  the  risk  of 
nursing  home  admission  during  each  two-year  interview  interval  (RR  =  0.49;  95%  Cl:  0.41, 0.59) 
compared  to  those  with  high  dementia  probability.  Physical  inactivity  compared  to  being  active 
(RR  =  1 .27;  95%  Cl:  1.15,  1 .41),  ever  smoking  compared  to  never  smoking  (RR  =  1.12;  95%  Cl: 
1.01,  1.25),  and  not  consuming  alcohol  (RR  =  1.28;  95%  Cl:  1 .13,  1.45)  or  heavy  alcohol 
consumption  (RR  =  1.44;  95%  Cl:  1.13,  1.82)  compared  to  moderate  alcohol  consumption 
predicted  increased  risk  of  nursing  home  admission. 

We  next  examined  whether  these  factors  had  different  effects  among  individuals  at  risk 
of  dementia  than  among  cognitively  normal  elders.  There  was  no  statistically  significant 
interaction  between  dementia  probability  and  physical  inactivity  (p  =  0.92),  smoking  (p  =  0.40), 
no  alcohol  consumption  (p  =  0.28)  or  heavy  alcohol  consumption  (p  =  0.69),  indicating  that  the 
relative  harm  of  the  modifier  was  similar  for  those  with  low  and  high  dementia  probability  (Table 
9). 
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Because  similar  relative  effects  may  conceal  differences  in  absolute  effects,  we  also 
estimated  the  marginal  probability  of  nursing  home  admission  for  each  risk  factor  among  those 
with  high  and  low  dementia  probability  (Fig.  1).  Physical  activity  was  associated  with  an 
decreased  absolute  probability  of  nursing  home  admission  for  those  with  low  dementia 
probability.  Plowever,  the  magnitude  of  the  estimated  effect  of  physical  activity  on  the  probability 
of  nursing  home  admission  was  slightly  higher  among  those  with  high  dementia  probability 
(2.39%  point  difference)  than  among  those  with  low  dementia  probability  (1 .55%  point  differ¬ 
ence).  Never  smoking  was  not  associated  with  significantly  lower  probability  of  nursing  home 
admission  among  those  with  high  dementia  probability;  the  estimated  absolute  effect  among  the 
high  dementia  probability  group  (2.55%  point  difference)  was  larger  than  among  the  low 
dementia  probability  (0.07%  point  difference)  group  but  this  difference  was  not  statistically 
significant.  Moderate  drinking  compared  to  not  consuming  alcohol  predicted  lower  risk  of 
nursing  home  admission  among  those  with  low  dementia  probability  (1.40%  point  difference) 
and  among  those  with  high  dementia  probability  (4.84%  point  difference).  Moderate  drinking 
compared  to  heavy  drinking  predicted  lower  risk  of  nursing  home  admission  among  those  with 
low  dementia  probability  (2.48%  point  difference)  but  not  among  those  with  high  dementia 
probability  (1 .33%  point  difference).  These  results  have  been  recently  published  in  Archives  of 
Gerontology  and  Geriatrics  and  is  available  in  the  appendix. 


CONCLUSION 

We  found  strong  associations  between  decreased  cognitive  functioning  and  incident 
ADL  limitations.  Smoking,  not  drinking,  and  having  low  income  may  increase  the  risk  of  incident 
ADL  limitations  among  those  with  cognitive  impairments.  Physical  inactivity  was  associated  with 
an  increased  risk  of  incidence  IADL  limitations,  even  among  the  cognitively  impaired.  We 
recently  expanded  the  operationalization  of  independence  in  this  research  project  to  examine 
the  influence  of  these  individual  level  factors  on  nursing  home  admission  risk.  We  observed  that 
physical  activity,  moderate  alcohol  consumption,  never  smoking  lowered  the  risk  of  nursing 
home  admission  and  the  relative  effects  of  these  factors  were  similar  for  those  with  low  and  high 
dementia  probability.  In  addition  to  our  work  examining  the  impact  of  individual-level  factors  on 
incident  l/ADL  limitations,  we  have  also  explored  whether  family-level  modifiers  influence  the 
onset  of  l/ADL  limitations.  We  observed  that  older  adults  who  are  not  married,  live  with 
someone  other  than  their  spouse,  or  whose  spouses  have  elevated  depressive  symptoms  or 
low  education  are  at  higher  risk  of  ADL  limitation  onset.  Our  investigation  of  neighborhood-level 
modifiers  indicated  that  social  cohesion,  low  physical  disorder,  and  neighborhood  safety 
reduced  the  risk  of  incident  IADL  limitations.  These  associations  did  not  vary  by  cognitive 
function.  These  findings  have  critical  importance  for  clinicians,  patients,  and  family  members  of 
individuals  with  cognitive  impairments  or  incipient  dementia.  By  managing  conventional  risk 
factors  and  residing  in  a  cohesive,  safe,  and  well-maintained  neighborhood,  it  may  be  possible 
to  stave  off  dependencies  and  reduce  nursing  home  admission  risk.  Additionally,  spousal 
resources  may  be  important  opportunities  to  prevent  disability. 

Disseminating  these  results  is  particularly  important  because  conventional  risk  factors 
for  ADL  limitations  like  depression  are  often  undertreated  among  those  with  cognitive 
impairment.^)  Even  traditional  vascular  risk  factors  like  high  blood  pressure,  dyslipidemia, 
diabetes  mellitus,  smoking  and  atherosclerotic  disease  may  be  untreated  in  those  with  cognitive 
impairment.  Maintaining  healthy  risk  factor  profiles  may  help  individuals  with  incipient  dementia 
to  maintain  functional  independence,  and  thereby  lower  their  risk  for  institutionalization  and 
decrease  care-giver  burden.  The  next  stages  of  research  are  needed  to  guide  intervention  and 
translational  work,  including  evidence  that  associations  we  observe  are  causal  (and  therefore 
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late  life  changes  may  still  be  beneficial)  and  identify  individuals  most  likely  to  benefit  from  these 
interventions.  The  findings  have  the  potential  to  substantially  improve  the  quality  of  life  of  adults 
with  memory  impairments,  reduce  caregiving  demands  for  family  members,  and  delay 
institutionalization.  This  is  especially  important  for  older  veterans  and  those  with  prior  exposure 
to  mild,  moderate,  or  severe  TBI,  who  are  at  elevated  risk  of  memory  loss  and  dementia.  As  the 
number  of  warfighters  surviving  TBI  or  other  causes  of  cognitive  impairment  grows,  it  is  crucial 
to  identify  the  resources  and  tools  that  provide  the  greatest  benefit  to  those  individuals.  Findings 
from  this  research  can  help  provide  guidance  to  individuals  and  families  as  well  as  clinicians, 
military  planners,  and  policy  makers. 


What  opportunities  for  training  and  professional  development  has  the  project  provided? 

Nothing  to  Report 

How  were  the  results  disseminated  to  communities  of  interest? 

Our  primary  dissemination  method  to  date  has  been  via  the  scientific  literature,  because  at  this 
early  stage  of  research,  other  researchers  considering  intervention  design  are  the  primary 
audience. 

What  do  you  plan  to  do  during  the  next  reporting  period  to  accomplish  the  goals? 

Nothing  to  Report. 
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4.  IMPACT 


What  was  the  impact  on  the  development  of  the  principal  discipline(s)  of  the  project? 

We  have  expanded  the  knowledge  of  modifiable  factors  to  preserve  functional  independence. 
Previously,  little  has  been  done  to  understand  whether  these  factors  are  important  among  the 
cognitively  impaired.  We  have  comprehensively  examined  individual,  family,  as  well  as 
community-level  factors  that  can  be  leveraged  to  optimize  quality  of  life,  prevent  or  delay 
dependencies,  and  minimize  caregiver  burden. 

What  was  the  impact  on  other  disciplines? 

Nothing  to  Report 

What  was  the  impact  on  technology  transfer? 

Nothing  to  Report 

What  was  the  impact  on  society  beyond  science  and  technology? 

This  project  has  identified  several  points  of  intervention  that  can  be  used  to  improve  the  health 
and  well-being  of  those  at  risk  for  functional  limitations  and  nursing  home  admissions.  These 
findings  are  relevant  for  health  care  providers,  patients,  and  family  members  of  individuals  with 
cognitive  impairments  or  incipient  dementia.  Not  smoking,  being  physically  active,  having 
spousal  support,  and  residing  in  a  safe,  clean,  cohesive  neighborhood  appear  protective  in 
preserving  functional  independence. 
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5.  CHANGES/PROBLEMS 


Changes  in  approach  and  reasons  for  change 

Nothing  to  Report 

Actual  or  anticipated  problems  or  delays  and  actions  or  plans  to  resolve  them 

Nothing  to  Report 

Changes  that  had  a  significant  impact  on  expenditures 

Nothing  to  Report 

Significant  changes  in  use  or  care  of  human  subjects,  vertebrate  animals,  biohazards, 
and/or  select  agents 

Nothing  to  Report 
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Aug;65:140-5.  doi:  10.1 01 6/j.archger.201 6.03.01 6.  Epub  2016  Mar  19. 
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7.  PARTICIPANTS  &  OTHER  COLLABORATING  ORGANIZATIONS 


What  individuals  have  worked  on  the  project? 


NAME 

Maria  Glymour,  ScD,  MS 

Project  Role 

Principal  Investigator 

Researcher  Identifier 

None 

Nearest  Person  Month  Worked 

~5.4 

Contribution  to  Project 

Principal  Investigator 

Funding  Support 

No  other  funding  source  provided  funds  for 
this  project 

Change  in  Active  Support 

Effective  3/1/15,  Dr.  Glymour  began  receiving 
25%  funding  support  on  a  Robert  Wood 
Johnson  Foundation  award,  “Launching  the 
Culture  of  Health  Investigator-Initiated 
Research  program”  Dr.  Nancy  E.  Adler  and 
David  Vlahov,  Project  Directors.  Dr.  Glymour 
serves  as  an  Associate  Director  and  will 
provide  a  summary  of  the  Culture  of  Health  in 
Communities  and  participate,  along  with  the 
directors,  in  the  development  of  the  PA  and 
dissemination  efforts. 

Other  Organizations  Involved 

Nothing  to  Report 

NAME 

Thu  Thi  Nguyen,  PhD 

Project  Role 

Specialist 

Researcher  Identifier 

None 

Nearest  Person  Month  Worked 

~9.5 

Contribution  to  Project 

Dr.  Nguyen  has  been  lead  analyst  on  this 
project,  developing  code  to  characterize 
neighborhood  variables,  integrating  the  2006 
and  2008  samples  and  validating  the 
measures.  She  has  implemented  the  models 
for  neighborhood  variables  predicting  onset 
of  l/ADL  limitations  and  has  written  the 
manuscript  for  that  work.  She  has  also 
served  as  technical  reviewer  for  the  statistical 
code  for  the  family  level  paper. 

Funding  Support 

No  other  funding  source  provided  funds  for 
this  project 

Change  in  Active  Support 

Nothing  to  Report 

Other  Organizations  Involved 

Nothing  to  Report 

NAME 

Pamela  Rist 

Project  Role 

Postdoctoral  fellow 

Researcher  Identifier 

~5.5 

Nearest  Person  Month  Worked 

6  for  first  year  at  HSPH 
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Contribution  to  Project 

Pamela  Rist  has  been  an  analyst  on  the 
project.  She  has  written  the  manuscripts 
looking  at  individual  and  family  level 
predictors  of  functional  independence.  She 
has  also  led  the  analyses  and  written  the 
manuscript  examining  modifiable  factors  for 
nursing  home  admission.  She  served  as 
technical  reviewer  for  the  neighborhood  level 
paper. 

Funding  Support 

No  other  funding  source  provided  funds  for 
this  project 

Change  in  Active  Support 

Nothing  to  Report 

Other  Organizations  Involved 

Nothing  to  Report 

NAME 

Florencia  Rojo 

Project  Role 

Graduate  Student 

Researcher  Identifier 

None 

Nearest  Person  Month  Worked 

-0.18 

Contribution  to  Project 

Florencia  Rojo  has  served  as  research 
assistant  on  the  project,  reviewing 
documentation  on  the  variables,  managing 
paperwork  for  the  restricted  data  applications, 
and  completing  literature  reviews,  in  addition 
to  myriad  smaller  project  related  tasks. 

Funding  Support 

No  other  funding  source  provided  funds  for 
this  project 

Change  in  Active  Support 

Nothing  to  Report 

Other  Organizations  Involved 

Nothing  to  Report 

Has  there  been  a  change  in  the  active  other  support  of  the  PD/PI(s)  or  senior/key 
personnel  since  the  last  reporting  period? 

ACTIVE 

(THIS  AWARD) 

UCSF/Glymour  04/20/13-04/19/16  1.80 

Calendar 

US  ARMY  W81 XWH-1 2-1-01 43 

Social  Resources  that  preserve  functional  independence  after  memory  loss 

Dr.  Glymour  uses  a  large,  diverse,  longitudinal  study  of  middle  aged  and  older  Americans  to 
identify  modifiable  social  factors  that  help  individuals  preserve  functional  independence  as  long 
as  possible,  even  in  the  context  of  declining  memory  or  cognitive  impairment. 

Role:  PI 

UA-Birmingham/V.  Howard  09/30/13  -05/31/16  1.20 

Calendar 
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NIH/NIA  5R01 AG039588 

Childhood  SES  Factors:  Impact  on  age-related  cognitive  and  vascular  health 

Dr.  Glymour’s  primary  roles  are  overseeing  the  data  collection  efforts  for  historical  school  quality 
measures, 

working  with  the  investigative  team  on  collecting  other  measures  of  childhood  adversity,  and 
collaborating  on 

analyses  and  publications  related  to  the  project. 

Role:  PI  of  subcontract 

Univ  MN/T.  Osypuk  09/12/13-09/11/16  1.20 

Calendar 

NIH/NIMHD  7R01 MD006064 

Effect  of  a  neighborhood  experiment  on  youth  behavior  problems 

Dr.  Glymour  assists  with  analytic  issues  related  to  variable  creation,  model  building,  and  model 
interpretation  related  to  the  instrumental  variable  analysis  of  the  experimental  data. 

Role:  PI  of  subcontract 

UCSF/N.  Adler  03/01/15-02/28/18  3.00 

Calendar 

Robert  Wood  Johnson  Foundation 

Supporting  a  culture  of  health:  The  COHIR  NPO 

This  grant  establishes  the  National  Program  Office  for  the  broad,  innovative  “culture  of  health 
investigator-initiated  research”  (COHIR)  program  of  the  RWJF  at  the  Center  for  Health  and 
Community  at  UCSF.  We  will  put  out  a  Call  for  Proposal  and  review  grant  applications  and 
award  grants  to  build  the  evidence  to  support  a  Culture  of  Health. 

Role:  Participating  PI 

Brown/Jones  07/01/15-06/30/20  1.20 

Calendar 

NIH/  RFA-AG-1 5-01 5 

Psychometric  Integrative  Technology  for  Cognitive  Health  Research 

The  goal  of  the  project  is  to  harmonize  brief  cognitive  assessments  across  diverse  international 
samples  and  advise  on  the  optimal  measures  for  harmonized  cross-national  cohorts 
sponsored. 

Role:  Co-Investigator 

Univ  WA/ Crane  07/01/15-6/30/17  0.72 

calendar 

NIH/NIA  1 A01 AG042437 

Genetic  architecture  of  memory  and  executive  functioning  in  Alzheimer's  disease 

Dr.  Glymour’s  primary  role  is  to  serve  as  an  advisor  on  Mendelian  Randomization  studies. 

Role:  PI  of  subcontract 


Univ  WA/  Crane 

09/01/16-8/31/19 

0.60 

Calendar 

DOD 

Kaiser/Whitmer 

12/01/15-11/30/20 

1.20  calendar 

Neuroepidemiology,  causal  inference  in  longitudinal  observational  data, 
health  disparities,  lifecourse  epidemiology 
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Dr.  Glymour  will  work  closely  with  the  Pis,  Drs.  Whitmer,  Mungas,  and  Reed,  in  specification  of 
the  lifecourse  models  for  cognitive  decline,  evaluating  how  time-varying  exposures  influence 
long-term  trajectories. 

Role:  multiple  PI 

Univ  MN/T.  Osypuk  09/15/15-08/31/17  1.20 

Calendar 

NIH  P0506737 

Mediators  and  Moderators  of  a  Neighborhood  Experiment  on  Alcohol  Use 

Dr.  Glymour  will  assist  with  implementing  IV  models  using  this  RCT  to  evaluate  neighborhood 
determinants  of  adolescent  alcohol  use. 

Role:  PI  of  subcontract 


What  other  organizations  were  involved  as  partners? 

Nothing  to  Report 
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8.  SPECIAL  REPORTING  REQUIREMENTS:  None 
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9.  APPENDICES: 

All  figures  and/or  tables  referenced  in  the  body  of  the  report  under  3. 


Table  1 .  Characteristics  of  Those  Included  in  the  Analysis  of  Dementia  Probability  Category  and 
Any  Incident  ADL  Limitation  by  Dementia  Probability  Category  at  first  exposure  wave. 


Characteristic 

High  Dementia 
Probability 
(N= 1 032) 

Low  Dementia 

Probability 

(N=3093) 

Age  (mean,  std) 

76.1  (6.3) 

71.5  (5.2) 

Gender  (%  male) 

56.4 

39.1 

Race  (%  black) 

14.5 

7.5 

Southern  birthplace  (%) 

15.8 

12.3 

Years  of  education  (mean,  std) 

11.3  (3.2) 

13.0  (2.6) 

Mother  had  >8  years  of  education  (%) 

44.5 

55.0 

Father  had  >8  years  of  education  (%) 

39.9 

47.1 

Physically  inactive  (%) 

54.8 

48.5 

Not  drinking  moderately  (%) 

78.8 

71.2 

Ever  smoker  (%) 

59.2 

56.1 

Current  depression  (%) 

10.3 

7.4 

Body  mass  index  (mean,  std) 

25.8  (4.0) 

26.2  (4.3) 

Number  of  comorbidities  (mean,  std) 

1.6  (1.2) 

1.5(1. 1) 

Living  arrangement 

Live  with  spouse 

55.0 

62.7 

Live  with  others/children 

11.1 

8.4 

Live  alone 

33.9 

28.9 

Proximity  to  children 

Live  with  children 

16.6 

14.7 

No  children 

7.6 

7.5 

Children  within  10  miles 

46.6 

44.2 

Children  over  10  miles 

29.3 

33.6 

Less  than  weekly  contact  with  friends 

37.7 

39.1 

Spouse’s  employment  status 

Retired 

34.80 

39.5 

Full  time 

2.1 

4.2 

Part  time 

6.5 

10.3 

Not  working/disabled 

11.6 

8.7 

No  spouse 

45.0 

37.3 

Spouse’s  depression  status 

Not  depressed 

48.3 

58.2 

Depressed 

6.8 

4.5 

No  spouse 

45.0 

37.3 

Spouse’s  educational  status 

High  school  diploma/GED 

36.1 

37.2 

College  diploma  or  higher 

6.8 

14.9 

Less  than  a  high  school  diploma/GED 

12.3 

10.6 

No  spouse 

44.9 

37.3 

Isolation  Index 

Not  isolated 

38.4 

39.8 

Isolated  (1  point) 

45.5 

46.2 
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Isolated  (2  points) 

15.5 

12.8 

Isolated  (3  points) 

0.9 

1.2 

Marital  Status 

Not  married 

44.9 

37.3 

Married 

55.1 

62.7 

24 


Table  2.  Association  between  family-level  variables  and  risk  of  incident  1/ADL  limitations. 


ADL 

OR 

95% 

Cl 

IADL 

OR 

95% 

Cl 

Marital  Status 

Low  dementia  probability 

0.76 

0.66 

0.87 

0.55 

0.48 

0.63 

Married 

1.00 

ref 

1.00 

ref 

Not  married 

1.14 

1.01 

1.30 

1.04 

0.92 

1.18 

Living  Arrangement 

Low  dementia  probability 

0.76 

0.66 

0.87 

0.55 

0.48 

0.63 

Live  with  spouse 

1.00 

ref 

1.00 

ref 

Live  with  someone  other  than  spouse 

1.35 

1.11 

1.65 

1.30 

1.06 

1.61 

Live  Alone 

1.10 

0.96 

1.25 

0.99 

0.87 

1.13 

Proximity  to  Children 

Low  dementia  probability 

0.76 

0.66 

0.88 

0.56 

0.49 

0.64 

Live  with  children 

1.00 

ref 

1.00 

ref 

No  children 

0.95 

0.75 

1.22 

0.79 

0.62 

1.01 

Children  within  10  miles 

0.89 

0.75 

1.05 

0.93 

0.79 

1.11 

Children  over  10  miles 

0.87 

0.73 

1.04 

0.87 

0.73 

1.04 

Contacts  with  friends 

Low  dementia  probability 

0.76 

0.66 

0.87 

0.55 

0.48 

0.64 

Weekly  or  more  frequent  contact 

1.00 

ref 

1.00 

Ref 

Less  than  weekly  contact 

1.03 

0.92 

1.15 

1.06 

0.95 

1.19 

Spouse’s  employment  status 

Low  dementia  probability 

0.76 

0.66 

0.87 

0.56 

0.48 

0.64 

Retired  spouse 

1.00 

ref 

1.00 

ref 

Spouse  employed  full  time 

0.92 

0.64 

1.33 

0.79 

0.54 

1.17 

Spouse  employed  part  time 

0.98 

0.79 

1.22 

0.93 

0.75 

1.17 

Spouse  not  working 

1.06 

0.86 

1.32 

0.92 

0.73 

1.15 

No  spouse 

1.14 

1.001 

1.31 

1.01 

0.89 

1.16 

Spouse’s  depression  status 

Low  dementia  probability 

0.77 

0.67 

0.88 

0.56 

0.48 

0.64 

Not  depressed  spouse 

1.00 

ref 

1.00 

ref 

Depressed  spouse 

1.56 

1.21 

2.00 

1.23 

0.93 

1.63 

No  spouse 

1.19 

1.05 

1.35 

1.06 

0.93 

1.20 

Spouse’s  educational  status 

Low  dementia  probability 

0.76 

0.66 

0.87 

0.56 

0.48 

0.64 

Spouse  with  less  than  high  school  education 

1.29 

1.06 

1.57 

0.83 

0.68 

1.01 

Spouse  with  high  school  education 

1.00 

ref 

1.00 

Ref 

Spouse  with  college  education 

1.03 

0.84 

1.26 

0.98 

0.80 

1.21 

No  spouse 

1.23 

1.06 

1.43 

0.99 

0.86 

1.14 

Isolation  Index 

Low  dementia  probability 

0.76 

0.66 

0.87 

0.55 

0.48 

0.64 

Not  isolated 

1.00 

ref 

1.00 

ref 

Isolated  (1  point) 

1.06 

0.94 

1.20 

0.97 

0.86 

1.10 

Isolated  (2  points) 

1.07 

0.90 

1.27 

1.00 

0.84 

1.18 

Isolated  (3  points) 

0.97 

0.63 

1.47 

0.74 

0.42 

1.30 
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Table  3.  Association  between  dementia  probability  and  incident  l/ADL  limitations  including 
interactions  between  dementia  probability  and  family-level  factors. _ 


ADL 

OR 

95% 

Cl 

IADL 

OR 

95% 

Cl 

Marital  Status 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.77 

0.64 

0.92 

0.55 

0.46 

0.66 

Not  married 

1.00 

ref 

1.00 

ref 

Married 

1.16 

0.92 

1.45 

1.04 

0.83 

1.29 

Married*low  dementia  probability 

0.98 

0.76 

1.26 

1.01 

0.79 

1.29 

Living  Arrangement 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.77 

0.64 

0.92 

0.55 

0.46 

0.66 

Live  with  spouse 

1.00 

ref 

1.00 

ref 

Live  with  someone  other  than  spouse 

1.22 

0.83 

1.78 

1.24 

0.86 

1.77 

Low  dementia  probability*Live  with  someone  other 

1.17 

0.76 

1.79 

1.08 

0.71 

1.64 

than  spouse 

Live  Alone 

1.16 

0.91 

1.47 

1.00 

0.80 

1.27 

Low  dementia  probability*Live  Alone 

0.92 

0.71 

1.21 

0.98 

0.75 

1.28 

Proximity  to  Children 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.71 

0.51 

0.98 

0.61 

0.45 

0.84 

Live  with  children 

1.00 

ref 

1.00 

ref 

No  children 

0.70 

0.45 

1.11 

0.72 

0.47 

1.10 

Low  dementia  probability*No  children 

1.55 

0.91 

2.64 

1.15 

0.69 

1.93 

Children  within  10  miles 

0.89 

0.65 

1.21 

1.00 

0.74 

1.33 

Low  dementia  probability*Children  within  10  miles 

1.00 

0.70 

1.43 

0.91 

0.64 

1.29 

Children  over  10  miles 

0.80 

0.57 

1.12 

1.00 

0.73 

1.38 

Low  dementia  probability*Children  over  10  miles 

1.13 

0.77 

1.67 

0.81 

0.55 

1.19 

Contacts  with  friends 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.77 

0.65 

0.91 

0.55 

0.47 

0.66 

Weekly  or  more  frequent  contact 

1.00 

ref 

1.00 

ref 

Less  than  weekly  contact 

1.04 

0.84 

1.29 

1.06 

0.86 

1.31 

Low  dementia  probability*Less  than  weekly  contact 

0.98 

0.76 

1.26 

1.00 

0.78 

1.28 

Spouse’s  employment  status 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.83 

0.67 

1.04 

0.54 

0.44 

0.67 

Retired  spouse 

1.00 

ref 

1.00 

ref 

Spouse  employed  full  time 

0.46 

0.14 

1.53 

1.24 

0.58 

2.69 

Low  dementia  probability*Spouse  employed  full 

2.15 

0.61 

7.55 

0.57 

0.23 

1.38 

time 
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Spouse  employed  part  time 

1.34 

0.87 

2.04 

0.74 

0.46 

1.19 

Low  dementia  probability*Spouse  employed  part 
time 

0.67 

0.41 

1.10 

1.35 

0.79 

2.30 

Spouse  not  working 

1.29 

0.91 

1.83 

0.90 

0.63 

1.30 

Low  dementia  probability*Spouse  not  working 

0.74 

0.48 

1.15 

1.02 

0.65 

1.59 

No  spouse 

1.23 

0.96 

1.59 

0.99 

0.78 

1.25 

Low  dementia  probability*No  spouse 

0.90 

0.68 

1.20 

1.04 

0.79 

1.36 

Spouse’s  depression  status 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.76 

0.63 

0.92 

0.54 

0.45 

0.65 

Not  depressed  spouse 

1.00 

ref 

1.00 

ref 

Depressed  spouse 

1.42 

0.92 

2.18 

1.11 

0.69 

1.79 

Low  dementia  probability*Depressed  spouse 

1.16 

0.68 

1.97 

1.18 

0.66 

2.11 

No  spouse 

1.20 

0.95 

1.52 

1.04 

0.83 

1.30 

Low  dementia  probability*No  spouse 

0.99 

0.76 

1.28 

1.03 

0.80 

1.32 

Spouse’s  educational  status 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.82 

0.66 

1.03 

0.59 

0.48 

0.73 

Spouse  with  less  than  high  school  education 

1.49 

1.05 

2.11 

0.93 

0.66 

1.31 

Low  dementia  probability*Spouse  with  less  than 
high  school  education 

0.82 

0.54 

1.23 

0.84 

0.55 

1.27 

Spouse  with  high  school  education 

1.00 

ref 

1.00 

ref 

Spouse  with  college  education 

1.18 

0.75 

1.84 

1.15 

0.73 

1.82 

Low  dementia  probability*Spouse  with  college 
education 

0.84 

0.52 

1.38 

0.81 

0.49 

1.33 

No  spouse 

1.32 

1.02 

1.71 

1.02 

0.80 

1.31 

Low  dementia  probability*No  spouse 

0.90 

0.68 

1.20 

0.95 

0.72 

1.25 

Isolation  Index 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.78 

0.63 

0.98 

0.54 

0.44 

0.67 

Isolation  (1  pt) 

1.13 

0.90 

1.43 

0.96 

0.76 

1.20 

Isolation  (1  pt)*Low  dementia  probability 

0.91 

0.69 

1.19 

1.02 

0.79 

1.34 

Isolation  (2  pts) 

1.01 

0.73 

1.40 

0.93 

0.69 

1.27 

Isolation  (2  pts)*Low  dementia  probability 

1.09 

0.75 

1.58 

1.11 

0.77 

1.59 

Isolation  (3  pts) 

1.02 

0.56 

1.85 

0.83 

0.28 

2.44 

Isolation  (3  pts)*Low  dementia  probability 

0.93 

0.41 

2.07 

0.85 

0.24 

3.05 
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Table  4.  Baseline  characteristics  of  participants  included  in  the  analysis  examining 
neighborhood-level  factors  and  l/ADL  limitations _ 


Characteristic 

ADL  analyses 
(n=8801) 

IADL  analyses 
(n=9156) 

Age  (mean,  std) 

65.7  (9.8) 

65.7  (9.7) 

Male  (%) 

40.7 

40.5 

Black  (%) 

11.5 

11.8 

Southern  birthplace  (%) 

14.6 

14.9 

Years  of  education  (mean,  std) 

13.2  (2.6) 

13.2  (2.5) 

Mother  had  >8  years  of  education  (%) 

62.7 

62.3 

Father  had  >8  years  of  education  (%) 

53.0 

52.6 

Marital  Status,  (%) 

Married 

72.5 

72.0 

Divorced/separated 

9.6 

9.9 

Widowed 

15.2 

15.5 

Never  married 

2.7 

2.6 

Currently  employed  (%) 

45.1 

44.8 

Log  household-size  adjusted  wealth  (mean,  std) 

11.6  (2.7) 

11.6  (2.7) 

Log  household-size  adjusted  income  (mean,  std) 

10.4  (1.1) 

10.4  (1.1) 

Self-rated  health 

(excellent,  very  good,  good  vs  fair,  poor)  (%) 

85.9 

84.9 

Depressive  symptoms  (>3)  (%) 

9.0 

9.4 

Physically  inactive 

(<  1  vigorous  physical  activity  per  week)  (%) 

71.2 

71.8 

Overweight  (BMI  =  25-29  kg/m2)  (%) 

40.5 

40.1 

Obese  (BMI  >  30  kg/m2)  (%) 

25.9 

27.5 

Moderate  alcohol  consumption  (more  than  0  and 
fewer  than  2  drinks/day)  (%) 

32.5 

32.4 

Heavy  drinking  alcohol  consumption  (2+  drinks/day) 

(%) 

6.5 

6.6 

Ever  smoked  (%) 

56.0 

56.0 

Memory  score  >  0.78  (20th  percentile)  (%) 

80.2 

80.4 

Neighborhood  physical  disorder  (mean,  std) 

0.2  (0.2) 

0.2  (0.2) 

Neighborhood  cohesion  (mean,  std) 

0.8  (0.2) 

0.8  (0.2) 

Neighborhood  safety 
(%  excellent,  very  good,  good) 

93.3 

93.5 

Neighborhood  social  ties  (mean,  std) 

0.6  (0.3) 

0.6  (0.3) 
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Table  5.  Associations  between  neighborhood  level  variables,  IADL,  and  ADL  limitations 


OR 

Model  1 

95%  Cl 

OR 

Model  2 

95%  Cl 

OR 

Model  3 

95%  Cl 

Onset  of  lADLs  (n=8,726) 

Neighborhood  physical  disorder 

0.36 

0.26 

0.48 

0.51 

0.37 

0.69 

0.57 

0.41 

0.78 

Neighborhood  social  cohesion 

0.36 

0.27 

0.47 

0.46 

0.34 

0.62 

0.54 

0.40 

0.73 

Neighborhood  safety 

0.50 

0.39 

0.64 

0.59 

0.46 

0.76 

0.67 

0.51 

0.87 

Neighborhood  social  ties 

0.97 

0.77 

1.21 

0.93 

0.74 

1.17 

0.95 

0.76 

1.20 

Composite  measure 

0.21 

0.14 

0.33 

0.31 

0.20 

0.48 

0.40 

0.26 

0.63 

Onset  of  ADLs  (n=8,345) 

Neighborhood  physical  disorder 

0.43 

0.32 

0.58 

0.59 

0.43 

0.81 

0.70 

0.50 

0.96 

Neighborhood  social  cohesion 

0.46 

0.34 

0.61 

0.60 

0.45 

0.81 

0.79 

0.58 

1.08 

Neighborhood  safety 

0.61 

0.48 

0.78 

0.74 

0.58 

0.93 

0.87 

0.68 

1.10 

Neighborhood  social  ties 

0.98 

0.77 

1.23 

1.01 

0.80 

1.28 

1.04 

0.82 

1.32 

Composite  measure 

0.32 

0.21 

0.49 

0.49 

0.32 

0.76 

0.71 

0.45 

1.10 

All  neighborhood  measures  have  a  range  of  0-1 ,  so  the  ORs  are  directly  comparable  across  the  variables,  and 
coefficients  for  physical  disorder,  social  ties,  social  cohesion,  and  the  composite  measure  represent  the 
contrast  between  best  possible  and  worst  possible  value  (1  vs  0).  For  safety,  the  comparison  is  between  those 
who  rated  their  neighborhood  as  excellent,  very  good,  or  good  versus  those  who  rated  their  neighborhood  as 
fair  or  poor. 
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The  coefficient  for  normal  memory  represents  the  comparison  of  participants  with  normal  memory  (>20th 
centile)  to  participants  with  impaired  memory  (<20th  centile)  on  incidence  of  IADL  limitations;  because  of  the 
interaction  term  included  in  the  model,  this  estimate  applies  to  participants  with  the  worst  possible 
neighbourhood  characteristic  score  (0). 

Model  1  covariates:  age,  sex,  race,  memory,  wave 

Model  2  covariates:  Model  1  +  southern  birthplace,  years  of  education  (linear  spline  model  with  discontinuities 
at  completion  of  high  school  and  completion  of  college  plus  an  indicator  variable  for  GED  completion),  marital 
status  (married,  divorced/separated,  widowed,  never  married),  mother’s  and  father’s  education  (=<8  years,  >8 
years),  height,  height*sex  interaction,  log  of  household  size-adjusted  wealth,  log  of  household  size-adjusted 
income,  and  employment  status  (currently  working  for  pay,  not  working  for  pay). 


Model  3  covariates:  Model  2  +  self-reported  health  (poor,  fair  versus  good,  very  good,  excellent),  body  mass 
index  (<25,  25-29,  30+),  self-reported  comorbidities  (high  blood  pressure,  diabetes,  cancer,  lung  disease,  heart 
disease,  stroke,  psychiatric  problems,  and  arthritis),  physical  activity  (active  versus  inactive),  alcohol 
consumption  (no  drinks,  more  than  zero  and  fewer  than  2  drinks  /day,  2+  drinks/day),  ever  smoked  (yes/no), 
depression  (yes/no  where  yes  was  defined  as  reporting  >3  depressive  symptoms  on  a  modified  8-item  Centers 
for  Epidemiologic  Studies-Depression  (CES-D)  scale  in  the  past  two  weeks). 
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Table  6.  Association  between  neighborhood-level  variables  and  incident  IADL  limitations  including  interactions  between 

neighborhood  variables  and  memory  function  (n=8,726) _ 

Model  1  Model  2  Model  3 

OR  95%  Cl  p  value  OR  95%  Cl  p  value  OR  95%  Cl  p  value 

Neighborhood  physical  disorder 


Normal  memory 

1.30 

0.84 

2.03 

0.24 

1.18 

0.74 

1.87 

0.49 

1.10 

0.68 

1.75 

0.70 

Neighborhood 
physical  disorder 

1.37 

0.91 

2.05 

0.14 

0.90 

0.59 

1.38 

0.63 

0.91 

0.59 

1.41 

0.67 

Normal 

memory*Disordert 

2.95 

1.71 

5.11 

<0.001 

0.41 

0.23 

0.73 

<0.01 

0.49 

0.27 

0.87 

0.01 

Neighborhood  social  cohesion 

Normal  memory 

1.37 

0.88 

2.13 

0.16 

1.33 

0.85 

2.09 

0.21 

1.23 

0.77 

1.96 

0.39 

Neighborhood  social 
cohesion 

0.74 

0.50 

1.10 

0.13 

0.88 

0.59 

1.33 

0.56 

0.94 

0.61 

1.44 

0.77 

Normal 

memory*Cohesiont 

0.32 

0.19 

0.54 

<0.0001 

0.36 

0.21 

0.62 

<0.001 

0.42 

0.24 

0.74 

<0.01 

Neighborhood  safety 

Normal  memory 

1.09 

0.70 

1.69 

0.71 

0.93 

0.59 

1.47 

0.76 

0.92 

0.57 

1.46 

0.72 

Neighborhood  safety 

0.81 

0.57 

1.15 

0.23 

0.82 

0.57 

1.18 

0.28 

0.88 

0.61 

1.27 

0.51 

Normal 

memory*Safetyt 

0.49 

0.32 

0.77 

<0.01 

0.63 

0.40 

1.00 

0.05 

0.67 

0.42 

1.08 

0.10 

Neighborhood  social  ties 

Normal  memory 

0.81 

0.59 

1.12 

0.20 

0.83 

0.60 

1.15 

0.27 

0.86 

0.62 

1.19 

0.36 

Neighborhood  social 
ties 

1.45 

1.04 

2.04 

0.03 

1.34 

0.95 

1.89 

0.09 

1.35 

0.95 

1.92 

0.10 
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Normal 

memory*Social  Tiest 

0.56 

0.36 

0.86 

0.01 

0.59 

0.38 

0.92 

0.02 

0.61 

0.39 

0.96 

0.03 

Composite  variable 

Normal  memory 

2.51 

1.34 

4.70 

0.00 

2.07 

1.09 

3.93 

0.03 

1.82 

0.95 

3.51 

0.07 

Composite  measure 

0.83 

0.44 

1.56 

0.56 

0.96 

0.50 

1.86 

0.91 

1.07 

0.54 

2.10 

0.85 

Normal 

memory*Compositet 

0.14 

0.06 

0.32 

<0.0001 

0.20 

0.09 

0.45 

<0.001 

0.25 

0.11 

0.57 

<0.01 

All  neighborhood  measures  have  a  range  of  0-1 ,  so  the  ORs  are  directly  comparable  across  the  variables,  and  coefficients 
for  physical  disorder,  social  ties,  social  cohesion,  and  the  composite  measure  represent  the  contrast  between  best  possible 
and  worst  possible  value  (1  vs  0).  For  safety,  the  comparison  is  between  those  who  rated  their  neighborhood  as  excellent, 
very  good,  or  good  versus  those  who  rated  their  neighborhood  as  fair  or  poor. 

The  coefficient  for  normal  memory  represents  the  comparison  of  participants  with  normal  memory  (>20th  centile)  to 
participants  with  impaired  memory  (<20th  centile)  on  incidence  of  IADL  limitations;  because  of  the  interaction  term  included 
in  the  model,  this  estimate  applies  to  participants  with  the  worst  possible  neighbourhood  characteristic  score  (0). 

fThe  interaction  coefficient  for  memory  by  neighborhood  characteristic  represents  the  estimated  differential  effect  of  the 
neighborhood  characteristic  on  incidence  of  IADL  limitations  among  those  with  normal  memory  (>20th  percentile)  compared 
to  those  with  impaired  memory  (<20th  percentile).  An  interaction  coefficient  <1  indicates  the  effect  of  the  neighborhood 
characteristic  is  more  strongly  and  inversely  associated  with  IADL  limitations  among  those  with  normal  memory  than  those 
with  impaired  memory. 

Model  1  covariates:  age,  sex,  race,  memory,  wave 

Model  2  covariates:  Model  1  +  southern  birthplace,  years  of  education  (linear  spline  model  with  discontinuities  at 
completion  of  high  school  and  completion  of  college  plus  an  indicator  variable  for  GED  completion),  marital  status  (married, 
divorced/separated,  widowed,  never  married),  mother’s  and  father’s  education  (=<8  years,  >8  years),  height,  height*sex 
interaction,  log  of  household  size-adjusted  wealth,  log  of  household  size-adjusted  income,  and  employment  status 
(currently  working  for  pay,  not  working  for  pay). 


32 


Table  7.  Association  between  neighborhood  level  variables  and  l/ADL  limitations  by 
memory  status _ 


Model  2: 

Low  memory 

Model  2: 

Normal  Memory 

ADLs 

OR 

95%  Cl 

OR 

95%  Cl 

Physical  disorder 

0.59 

0.38 

0.93 

0.57 

0.37 

0.86 

Social  cohesion 

0.49 

0.32 

0.73 

0.68 

0.45 

1.01 

Safety 

0.81 

0.57 

1.14 

0.70 

0.52 

0.96 

Social  ties 

1.33 

0.94 

1.88 

0.91 

0.68 

1.23 

Composite  measure 
lADLs 

0.56 

0.30 

1.06 

0.46 

0.26 

0.81 

Physical  disorder 

0.77 

0.50 

1.18 

0.39 

0.26 

0.59 

Social  cohesion 

0.78 

0.52 

1.19 

0.33 

0.23 

0.49 

Safety 

0.73 

0.51 

1.07 

0.54 

0.39 

0.73 

Social  ties 

1.37 

0.98 

1.93 

0.80 

0.60 

1.07 

Composite  measure 

0.81 

0.41 

1.60 

0.20 

0.12 

0.34 

Memory  is  a  dichotomous  variable  with  1=score  >  20th  percentile  0=score  <20th 
percentile 


Model  2:  age,  sex,  race,  memory,  wave,  southern  birthplace,  years  of  education 
(linear  spline  model  with  discontinuities  at  completion  of  high  school  and  completion 
of  college  plus  an  indicator  variable  for  GED  completion),  marital  status  (married, 
divorced/separated,  widowed,  never  married),  mother’s  and  father’s  education  (=<8 
years,  >8  years),  height,  height*sex  interaction,  log  of  household  size-adjusted 
wealth,  log  of  household  size-adjusted  income,  and  employment  status  (currently 
working  for  pay,  not  working  for  pay). 
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Table  8.  Odds  ratios  for  prediction  of  nursing  home  admission  as  a  function  of  dementia  risk, 


physical  inactivity,  alcohol  use. 

,  and  ever 

smoking  (n 

=7631) 

Nursing  Home  Admission 

OR 

95% 

Cl 

Low  Dementia  Probability 

0.49 

0.41 

0.59 

Low  Physical  Activity 

1.27 

1.15 

1.41 

No  Alcohol  Consumption 

1.28 

1.13 

1.45 

Heavy  Alcohol  Consumption 

1.44 

1.13 

1.82 

Ever  Smoking 

1.12 

1.01 

1.25 

Note:  Model  is  simultaneously 

adjusted  for  all  of  the 

risk  factors. 
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Table  9.  Association  between  dementia  probability  category  and  nursing  home  admission 
including  interactions  between  dementia  probability  and  each  risk  factor  (n=7,631) 


Nursing  Home  Admission 

OR 

95% 

Cl 

Physical  Activity 

Low  Dementia  Probability 

0.48 

0.35 

0.67 

Low  Dementia  Probability*Low  Physical  Activity 

1.02 

0.70 

1.47 

Low  Physical  Activity 

1.25 

0.88 

1.78 

Alcohol  Consumption 

Low  Dementia  Probability 

0.61 

0.38 

0.98 

Low  Dementia  Probability*No  Alcohol  Consumption 

0.76 

0.46 

1.25 

No  Alcohol  Consumption 

1.65 

1.02 

2.66 

Low  Dementia  Probability*Heavy  Alcohol  Consumption 

1.25 

0.42 

3.72 

Heavy  Alcohol  Consumption 

1.17 

0.40 

3.38 

Smoking 

Low  Dementia  Probability 

0.52 

0.41 

0.67 

Low  Dementia  Probability*Ever  Smoking 

0.87 

0.63 

1.20 

Ever  Smoking 

1.27 

0.94 

1.72 

Note:  Models  all  include  all  of  the  other  risk  factors,  but  do  not  include  interaction  terms  between 
the  other  risk  factors  and  dementia  probability.  Interaction  terms  test  the  null  that  the  relative 
effect  of  the  risk  factor  is  the  same  for  individuals  with  high  and  low  dementia  probability. 
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Figure  1 .  Predicted  probability  of  nursing  home  admission  per  wave,  by  modifier  and  dementia  probability  category. 
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Legend  for  Figure  1:  Asterisks  indicate  a  statistically  significant  difference  in  the  predicted  probability  per  wave  of  a  nursing  home 
admission  for  those  with  and  without  the  modifier. 
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Families  and  Disability  Onset:  Are  Spousal 
Resources  Less  Important  for  Individuals 
at  High  Risk  of  Dementia? 

Pamela  M.  Rist,  Sc.D.,  Sze  Y.  Liu,  Ph.D.,  M.  Maria  Glymour,  Sc.D. 


Objective:  To  determine  whether  social  contacts  and  spousal  characteristics  predict 
incident  instrumental  or  basic  activities  of  daily  living  (I/ADL)  limitations  and  whether 
effects  differ  for  individuals  with  high  risk  of  dementia.  Design:  Cohort  study.  Setting: 
Biennial  interviews  of  Health  and  Retirement  Study  participants  over  up  to  12  years. 
Participants:  4,125  participants  aged  65  years  and  older  without  baseline  I/ADL 
limitations.  Measurements:  Participants’  family  characteristics  (living  arrange¬ 
ments,  proximity  to  children,  contacts  with  friends,  marital  status,  and  spouse’s 
depression,  employment,  and  education)  and  dementia  probability  (high  versus  low 
risk  of  dementia  based  on  direct  and  proxy  cognitive  assessments)  were  character¬ 
ized  at  baseline.  Family  characteristics  and  their  interactions  with  dementia  probability 
were  used  to  predict  incident  I/ADL  limitations  in  pooled  logistic  regressions.  Results: 
ADI  limitation  incidence  was  higher  among  the  unmarried  (odds  ratio  [OR]  versus 
married:  1.14;  95%  Cl:  1.01-1.30);  those  married  to  a  depressed  spouse  (OR  versus 
nondepressed  spouse:  1.56,  95%  Cl:  1.21-2.00);  or  whose  spouse  had  less  than  high 
school  education  (OR  versus  spouse  with  high  school  or  more:  1.29,  95%  Cl:  1.06- 
1.57).  Living  with  someone  other  than  a  spouse  compared  with  living  with  a  spouse 
predicted  higher  risk  of  both  incident  ADL  (OR:  1.35;  95%>  Cl:  1.11-1.65),  and  IADL 
(OR:  1.30;  95%  Cl:  1.06-1.61)  limitations.  Effects  were  similar  for  respondents  with  high 
and  low  dementia  probability.  Conclusions:  Regardless  of  dementia  risk,  older  adults 
may  receive  important  marriage  benefits,  which  help  delay  disability.  The  salience 
of  spouse’s  education  and  depression  status  implicate  modifiable  mechanisms, 
such  as  information  and  instrumental  support,  which  may  be  amenable  to 
interventions.  (Am  J  Geriatr  Psychiatry  2016;  24:585-594) 

Key  Words:  disability,  cognitive  function,  epidemiology,  social  ties 


Social  ties  strongly  predict  many  dimensions  of  health 
and  disability,  with  hypothesized  mechanisms 
involving  the  types  of  support  provided  by  those  ties. 


Various  ties  play  distinct  roles  in  the  lives  of  older 
adults.  For  example,  spouses  and  friends  are  thought 
to  be  key  sources  of  emotional  support,  such  as  love 
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Social  Ties  and  Disability  Onset 


and  affection,  and  serve  as  confidantes.  Children  are 
more  likely  to  provide  instrumental  support  to  aging 
parents,  for  example,  helping  with  tasks  such  as  grocery 
shopping  or  financial  management.1  Further,  the  im¬ 
portance  of  various  ties  appears  to  evolve  with  an 
individual's  health,  with  some  evidence  that  social 
support  is  more  important  for  disease  management  than 
disease  prevention.2-5 

Previous  research  has  observed  that  satisfactory  sub¬ 
jective  social  support,  and  not  network  size,  is  associated 
with  functional  ability.6  This  suggests  that  it  is  not  the 
number  of  social  ties  that  may  influence  health  out¬ 
comes,  but  characteristics  of  the  ties.  Characteristics 
of  the  individual  providing  support  (e.g.,  depression, 
education,  or  employment)  may  shape  their  capacity 
to  provide  satisfactory  support/  in  particular  to  those 
who  have  memory  impairment  or  incipient  dementia. 
There  is  little  empirical  evidence,  however,  about  how 
characteristics  of  the  individual  providing  support  in¬ 
fluence  care  recipient  outcomes.  Examining  the 
influence  of  network  members  on  functional  out¬ 
comes  is  important  because  some  characteristics — for 
example,  depression  status  or  education — may  be  modi¬ 
fiable  or  highlight  opportunities  for  intervention.  These 
effects  are  particularly  understudied  for  individuals  with 
incipient  dementia,  and  it  is  unclear  whether  network 
ties  have  similar  benefits  for  individuals  with  cogni¬ 
tive  impairments  as  for  cognitively  normal  elderly. 

We  examined  whether  social  ties  and  spousal  char¬ 
acteristics  predict  onset  of  disability  in  older  adults, 
and  whether  these  patterns  differed  by  dementia  prob¬ 
ability  status.  We  hypothesized  that  being  married, 
living  with  children  or  spouses,  having  weekly  contact 
with  friends,  and  having  a  spouse  with  at  least  a  high 
school  education,  a  spouse  who  was  currently  working, 
or  a  spouse  who  was  not  depressed  would  be  associ¬ 
ated  with  lower  risk  of  incident  instrumental  or  basic 
activity  of  daily  living  (1/  ADL)  limitations,  even  among 
cognitively  impaired  individuals. 


METHODS 

The  Health  and  Retirement  Study  (HRS)  is  a  nation¬ 
ally  representative  cohort  of  Americans  aged  50  years 
or  older  and  their  spouse.8,9  We  restricted  analyses  to 
HRS  participants  who  were  aged  65  years  or  older  in 
1998  and  followed  these  individuals  biennially  through 
2010. 


The  HRS  was  approved  by  the  University  of  Mich¬ 
igan  Health  Sciences  human  subjects  committee.  These 
analyses  were  determined  to  be  exempt  by  the  Harvard 
School  of  Public  Health  Office  of  Human  Research 
Administration. 

Outcome  Assessment 

We  analyzed  two  dichotomous  outcomes  in  sepa¬ 
rate  models:  any  ADL  limitation  and  any  IADL 
limitation.  During  biennial  interviews,  participants  or 
proxy  respondents  reported  whether  they  had  diffi¬ 
culty  in  the  past  30  days  in  five  ADLs  (getting  across 
a  room,  dressing,  bathing,  eating,  and  getting  in  and 
out  of  bed)  and  in  five  IADLs  (using  a  phone,  man¬ 
aging  money,  taking  medication,  shopping  for  groceries, 
and  preparing  hot  meals).  Participants  reported  "yes", 
"no",  or  "do  not  do"  for  each  of  these  items.  We  used 
the  RAND  variables  for  any  ADL  limitation  and  any 
IADL  limitation.10  "Do  not  do"  and  "refused"  are 
treated  as  missing  in  the  RAND  coding.  A  sensitivity 
analysis  in  which  "do  not  do"  and  "refused"  were 
treated  as  having  a  limitation  found  similar  results  to 
those  reported  here.  Participants  who  reported  any 
ADL  or  IADL  limitations  in  1998  or  2000  were  ex¬ 
cluded  from  our  analyses. 

Assessment  of  Resources  and  Risk  Factors  from 
Social  Ties 

The  family-level  variables  examined  in  this  study 
were  living  arrangements,  proximity  to  children,  con¬ 
tacts  with  friends,  marital  status,  spouse's  depression 
status,  spouse's  employment  status,  and  spouse's  ed¬ 
ucation  status.  All  exposure  variables  were  assessed  in 
2000.  For  respondents  missing  information  in  2000,  we 
used  1998  values. 

Living  arrangements  were  classified  as  living  with 
spouse  (reference  category),  living  with  someone  other 
than  spouse,  and  living  alone.  Proximity  to  children 
was  classified  as  living  with  children  (reference  cate¬ 
gory),  having  no  children,  living  within  10  miles  of 
children,  living  over  10  miles  from  children.  Contact 
with  friends  was  defined  as  at  least  weekly  meetings 
with  friends  (reference  category)  versus  less  than 
weekly  meetings  with  friends.  Spouses  of  the  HRS  re¬ 
spondents  are  also  included  by  the  HRS  sample  design. 
All  spousal  characteristics  were  reported  either  by  the 
spouse  or  by  their  proxy  (except  for  depression)  if  the 
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spouse  was  unable  to  complete  the  questionnaire. 
Spouse's  depression  status  was  categorized  as 
nondepressed  spouse  (reference  category),  depressed 
spouse,  and  no  spouse.  Spouse's  depression  was 
defined  as  reporting  three  or  more  depressive  symp¬ 
toms  in  the  past  2  weeks,  based  on  a  modified  eight- 
item  Centers  for  Epidemiologic  Studies-Depression 
(CES-D).  Spouse's  employment  status  was  catego¬ 
rized  as  retired  (reference  category),  working  full¬ 
time,  working  part-time,  not  working  or  disabled,  and 
no  spouse.  Spouse's  education  was  classified  as  no  high 
school  degree;  high  school  diploma  or  GED  (refer¬ 
ence  category);  bachelor's  degree  or  higher;  or  no 
spouse.  Marital  status  was  defined  as  not  married 
versus  married.  We  also  created  a  "social  isolation 
index"  similar  to  that  used  in  previous  studies,1112  in 
which  people  received  one  point  for  each  of  the  fol¬ 
lowing  items:  living  alone,  no  children,  or  less  than 
weekly  contact  with  friends.  The  index  ranged  from 
0  to  3  points. 

Assessment  of  Dementia  Risk 

In  addition  to  assessing  family-level  covariates  in 
2000,  we  also  assessed  cognitive  function  as  mea¬ 
sured  by  imputed  dementia  probability  in  2000.  The 
methods  for  calculating  imputed  dementia  probabil¬ 
ity  are  described  in  detail  elsewhere.13  Briefly,  the 
dementia  probability  score  is  calculated  by  combin¬ 
ing  direct  and  proxy-assessed  cognitive  status.  These 
assessments  were  calibrated  against  a  dementia  diag¬ 
nosis  according  to  DSM-III-R  and  DSM-IV  criteria  in 
a  subsample  of  HRS  participants  (C  statistic:  94.3%). 
The  dementia  probability  has  a  theoretical  range  from 
0  (no  chance  individual  has  dementia)  to  1  (individ¬ 
ual  certain  to  have  dementia)  and  an  actual  range  in 
our  data  of  4.38  x  e  11  to  0.99.  We  categorized  demen¬ 
tia  probability  into  two  categories  based  on  the  75th 
percentile  in  2000  (cutpoint:  0.0178)  and  included  this 
binary  variable  in  all  models. 

Covariates 

We  controlled  for  a  number  of  individual  charac¬ 
teristics,  demographics,  health  behaviors,  and 
comorbidities.  All  of  these  potential  confounders 
were  assessed  in  1998  (the  wave  prior  to  family-level 
variable  assessment)  and  included  age  (centered, 
continuous),  centered  age  squared  (continuous),  gender. 


race  (black  versus  other),  southern  birthplace,  years  of 
education  (linear  spline  model  with  discontinuities  at 
completion  of  high  school  and  completion  of  college 
plus  an  indicator  variable  for  GED  completion),  mot¬ 
her's  and  father's  education  (<8  years,  >8  years),  height 
(gender-specific  baseline  quarhles),  and  interview  wave. 
We  also  performed  sensitivity  analyses  in  which  we 
adjusted  for  all  of  the  previously  mentioned  covariates 
plus  log  of  household  size-adjusted  wealth  (continu¬ 
ous),  log  of  household  size-adjusted  income  (continu¬ 
ous),  body  mass  index  (continuous),  self-reported 
comorbidities  (high  blood  pressure,  diabetes,  cancer, 
lung  disease,  heart  disease,  stroke,  psychiatric  prob¬ 
lems,  and  arthritis),  physical  activity  (active  versus 
inactive),  alcohol  consumption  (moderate  versus  non¬ 
moderate  drinking),  current  smoking  (yes/no), 
depression  (yes  / no  where  yes  was  defined  as  report¬ 
ing  three  or  more  depressive  symptoms  in  the  past  2 
weeks,  based  on  a  modified  eight-item  CES-D).  We  ad¬ 
justed  for  these  additional  covariates  in  sensitivity 
analyses  because  we  hypothesized  that  many  of  these 
additional  covariates  could  be  confounders,  but  could 
also  be  mediators  of  the  association  between  the  family- 
level  factors  and  risk  of  functional  limitations. 
Participants  missing  any  covariate  in  1998  were  ex¬ 
cluded  from  all  analyses. 


Statistical  Analyses 

We  estimated  pooled  logistic  regression  models  using 
each  social  resource  and  risk  factor  to  predict  onset  of 
any  ADL  limitation  and,  in  separate  models,  onset  of 
any  IADL  limitation.  Pooled  logistic  regression  ap¬ 
proximates  the  Cox  proportional  hazards  model  when 
dealing  with  discrete  time  data  and  rare  outcomes.  For 
our  ADL  analyses,  participants  were  censored  from 
analyses  after  developing  an  ADL  limitation,  last  in¬ 
terview,  death,  or  the  first  wave  of  missing  information 
on  dementia  probability  or  ADL  limitations.  We  used 
a  parallel  approach  for  IADL  analyses.  We  also  per¬ 
formed  sensitivity  analyses  stratified  by  gender.  To  test 
whether  the  effect  of  our  family-level  variables  dif¬ 
fered  by  cognitive  status,  we  performed  another  set 
of  analyses  in  which  we  included  interactions  between 
dichotomized  high  versus  low  dementia  probability 
and  each  family-level  variable  in  separate  models  for 
each  variable.  All  analyses  were  performed  using  PROC 
SURVEYLOGISTIC  in  SAS  9.4  (SAS  Institute,  Cary,  NC) 
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accounting  for  HRS  sampling  weights  and  repeated 
measures.  We  used  t  statistics  to  calculate  p  values. 


RESULTS 

Of  the  10,367  participants  aged  65  years  or  older  in 
1998,  we  excluded  3,850  people  who  either  had  an  ADL 
or  IADL  limitation  in  1998  or  2000;  722  people  for 
whom  information  on  I/ADL  limitations  were  not 


available  in  1998  or  2000;  578  people  who  did  not 
answer  the  questions  on  1/ ADL  limitations  in  2002;  350 
people  missing  information  on  imputed  dementia  prob¬ 
ability  in  1998  or  2000;  428  people  missing  information 
on  our  family-level  variables;  and  314  people  missing 
information  on  baseline  covariates.  Our  final  sample 
included  4,125  people. 

Individuals  with  high  dementia  probability  at  base¬ 
line  were  less  likely  to  be  married  compared  with  those 
with  lower  dementia  probability  (Table  1).  During  an 


TABLE  1.  Characteristics  of  those  included  in  the  analysis  of  dementia  probability  category  and  any  incident  I/ADL  limitation  by 
dementia  probability  category  at  first  exposure  wave 


Characteristic 

High  Dementia  Probability  (N  =  1032) 

Low  Dementia  Probability  (N  =  3093) 

Age  (mean,  std) 

76.1  (6.3) 

71.5(5.2) 

Gender  (%  male) 

56.4 

39.1 

Race  (%  black) 

14.5 

7.5 

Southern  birthplace  (%) 

15.8 

12.3 

Years  of  education  (mean,  std) 

11.3(3.2) 

13.0(2.6) 

Mother  had  >8  years  of  education  (%) 

44.5 

55.0 

Father  had  >8  years  of  education  (%) 

39.9 

47.1 

Physically  inactive  (%) 

54.8 

48.5 

Not  drinking  moderately  (%) 

78.8 

71.2 

Current  smoker  (%) 

10.3 

9.0 

Current  depression  (%) 

10.3 

7.4 

Body  mass  index  (mean,  std) 

25.8  (4.0) 

26.2  (4.3) 

Number  of  comorbidities  (mean,  std) 

1.6  (1.2) 

1.5  (1.1) 

Living  arrangement 

Live  with  spouse 

55.0 

62.7 

Live  with  someone  other  than  spouse 

11.1 

8.4 

Live  alone 

33.9 

28.9 

Proximity  to  children 

Live  with  children 

16.6 

14.7 

No  children 

7.6 

7.5 

Children  within  10  miles 

46.6 

44.2 

Children  over  10  miles 

29.3 

33.6 

Less  than  weekly  contact  with  friends 

37.7 

39.1 

Spouse’s  employment  status 

Retired 

34.8 

39.5 

Full  time 

2.1 

4.2 

Part  time 

6.5 

10.3 

Not  working/disabled 

11.6 

8.7 

No  spouse 

45.0 

37.3 

Spouse’s  depression  status 

Not  depressed 

48.3 

58.2 

Depressed 

6.8 

4.5 

No  spouse 

45.0 

37.3 

Spouse’s  educational  status 

High  school  diploma/GED 

36.1 

37.2 

College  diploma  or  higher 

6.8 

14.9 

Less  than  a  high  school  diploma/GED 

12.3 

10.6 

No  spouse 

44.9 

37.3 

Isolation  index 

Not  isolated 

38.4 

39.8 

Isolated  (1  point) 

45.5 

46.2 

Isolated  (2  points) 

15.5 

12.8 

Isolated  (3  points) 

0.9 

1.2 

Marital  status 

Not  married 

44.9 

37.3 

Married 

55.1 

62.7 
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TABLE  2.  Association  between  family-level  variables  and  risk  of  incident  ADL  and  IADL  limitations 


Marital  status 
Married 
Not  married 
Living  arrangement 
Live  with  spouse 

Live  with  someone  other  than  spouse 
Live  Alone 

Proximity  to  children 
Live  with  children 
No  children 

Children  within  10  miles 
Children  over  10  miles 
Contacts  with  friends 
Weekly  or  more  frequent  contact 
Less  than  weekly  contact 
Spouse’s  employment  status 
Retired  spouse 
Spouse  employed  full  time 
Spouse  employed  part  time 
Spouse  not  working 
No  spouse 

Spouse’s  depression  status 
Not  depressed  spouse 
Depressed  spouse 
No  spouse 

Spouse’s  educational  status 

Spouse  with  less  than  high  school  education 

Spouse  with  high  school  education 

Spouse  with  college  education 

No  spouse 

Isolation  index 

Not  isolated 

Isolated  (1  point) 

Isolated  (2  points) 

Isolated  (3  points) 


ADL 


OR 

95% 

Cl 

t  statistic 

p  value" 

1.00 

ref 

1.14 

1.01 

1.30 

2.04 

0.05 

1.00 

ref 

1.35 

1.11 

1.65 

2.95 

0.01 

1.10 

0.96 

1.25 

1.36 

0.18 

1.00 

ref 

0.95 

0.75 

1.22 

-0.38 

0.71 

0.89 

0.75 

1.05 

-1.44 

0.16 

0.87 

0.73 

1.04 

-1.51 

0.13 

1.00 

ref 

1.03 

0.92 

1.15 

0.43 

0.67 

1.00 

ref 

0.92 

0.64 

1.33 

-0.43 

0.67 

0.98 

0.79 

1.22 

-0.17 

0.87 

1.06 

0.86 

1.32 

0.55 

0.59 

1.14 

1.00 

1.31 

1.97 

0.05 

1.00 

ref 

1.56 

1.21 

2.00 

3.47 

<0.01 

1.19 

1.05 

1.35 

2.64 

0.01 

1.29 

1.06 

1.57 

2.54 

0.02 

1.00 

ref 

1.03 

0.84 

1.26 

0.29 

0.78 

1.23 

1.06 

1.43 

2.74 

0.01 

1.00 

ref 

1.06 

0.94 

1.20 

0.92 

0.36 

1.07 

0.90 

1.27 

0.74 

0.46 

0.97 

0.63 

1.47 

-0.16 

0.87 

IADL 


OR 

95% 

Cl 

t  statistic 

p  valuea 

1.00 

ref 

1.04 

0.92 

1.18 

0.65 

0.52 

1.00 

ref 

1.30 

1.06 

1.61 

2.47 

0.02 

0.99 

0.87 

1.13 

-0.12 

0.91 

1.00 

ref 

0.79 

0.62 

1.01 

-1.86 

0.07 

0.93 

0.79 

1.11 

-0.79 

0.44 

0.87 

0.73 

1.04 

-1.55 

0.13 

1.00 

Ref 

1.06 

0.95 

1.19 

1.00 

0.32 

1.00 

ref 

0.79 

0.54 

1.17 

-1.18 

0.24 

0.93 

0.75 

1.17 

-0.62 

0.54 

0.92 

0.73 

1.15 

-0.77 

0.45 

1.01 

0.89 

1.16 

0.19 

0.86 

1.00 

ref 

1.23 

0.93 

1.63 

1.48 

0.14 

1.06 

0.93 

1.20 

0.87 

0.39 

0.83 

0.68 

1.01 

-1.85 

0.07 

1.00 

Ref 

0.98 

0.80 

1.21 

-0.17 

0.87 

0.99 

0.86 

1.14 

-0.16 

0.88 

1.00 

ref 

0.97 

0.86 

1.10 

-0.43 

0.67 

1.00 

0.84 

1.18 

-0.04 

0.97 

0.74 

0.42 

1.30 

-1.04 

0.30 

Notes:  Adjusted  for  age,  gender,  race,  southern  birthplace,  years  of  education,  mother's  and  father's  education,  height,  and  interview  wave. 
a4,124  degrees  of  freedom;  p  values  have  been  rounded  up  to  the  nearest  hundredths  place. 


average  of  7  years  of  follow-up,  1,528  people  re¬ 
ported  developing  an  ADL  limitation  and  1,523  people 
reported  developing  an  IADL  limitation. 

As  expected,  low  dementia  probability  was  associ¬ 
ated  with  lower  risk  of  both  ADL  (OR:  0.76;  95%  Cl: 
0.66-0.87)  and  IADL  limitations  (OR:  0.55;  95%  Cl:  0.48- 
0.63)  (results  not  shown  in  tables).  Proximity  to  children, 
frequency  of  contacts  with  friends,  spouse's  employ¬ 
ment  status,  and  the  isolation  index  were  not 
significantly  associated  with  the  risk  of  incident  ADL 
or  IADL  limitations  (Table  2).  Being  unmarried  com¬ 
pared  with  being  married  was  associated  with  increased 
risk  of  incident  ADL  limitations  but  not  IADL  limita¬ 
tions  (Table  2).  Using  a  2-year  risk  of  ADL  disability 


of  11.3%  for  married  individuals  compared  with 
10.1%  for  non-married  individuals  and  assuming 
a  constant  rate  over  time,  this  translates  to  a  median 
time  of  onset  of  ADL  limitations  of  13.7  years  com¬ 
pared  with  12.2  years  for  those  without  a  depressed 
spouse  (see  Supplement  1).  Living  with  someone 
other  than  a  spouse  compared  with  living  with  a 
spouse  was  associated  with  an  increased  risk  of  both 
ADL  and  IADL  limitations  (Table  2)  and  a  3.0-year 
decrease  in  the  median  time  to  onset  of  ADL  limita¬ 
tions.  Having  a  depressed  spouse  compared  with  a 
nondepressed  spouse  was  significantly  associated  with 
higher  risk  of  incident  ADL  limitations,  correspond¬ 
ing  to  a  4.1 -year  decrease  in  the  median  time  to 
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onset  of  ADL  limitations  (Table  2).  Additionally,  having 
a  spouse  with  less  than  high  school  education  com¬ 
pared  with  a  spouse  with  a  high  school  diploma  was 
associated  with  increased  risk  of  incident  ADL  limi¬ 
tations,  corresponding  to  a  2.5-year  shorter  median  time 
to  onset  of  ADL  limitations  (Table  2). 

When  we  adjusted  for  potential  mediating  vari¬ 
ables  in  a  sensitivity  analysis,  the  point  estimates  for 
the  association  between  marital  status  or  living  with 
someone  other  than  a  spouse  and  risk  of  ADLs  were 
attenuated  and  no  longer  statistically  significant.  This 
suggests  that  that  effects  of  being  married  or  living  with 
someone  other  than  a  spouse  may  be  partially  medi¬ 
ated  by  these  factors. 

Among  men,  having  a  depressed  spouse  was  asso¬ 
ciated  with  an  increased  risk  of  ADL  limitations  (OR: 
1.66;  95%  Cl:  1.22-2.28)  and  having  a  spouse  with  less 
than  a  high  school  education  was  also  associated  with 
an  increased  risk  of  ADL  limitations  (OR:  1.44;  95%  Cl: 
1.08-1.92).  These  associations  were  not  observed  among 
women  (Supplemental  Tables  S3  and  S4). 

We  also  evaluated  whether  the  association  between 
our  family  level  values  and  incident  I/ADL  limita¬ 
tions  varied  by  cognitive  status.  Low  dementia 
probability  was  associated  with  lower  risk  of  inci¬ 
dent  ADL  and  ADL  limitations  in  almost  all  models. 
We  found  no  significant  interactions  between  our 
family-level  variables  and  dementia  probability  status 
and  all  interaction  terms  were  close  to  null  (Table  3); 
in  other  words,  the  estimated  impact  of  family-level 
variables  was  not  statistically  distinguishable  for  in¬ 
dividuals  with  high  and  low  dementia  probability. 


DISCUSSION 

After  controlling  for  demographics  and  cognitive 
status,  we  found  that  not  being  married,  living  with 
someone  other  than  a  spouse,  having  a  depressed 
spouse,  or  having  a  spouse  with  less  than  a  high  school 
education  predicted  higher  risk  of  incident  ADL  limi¬ 
tations.  Although  they  did  not  reach  statistical 
significance,  results  for  IADLs  are  similar  to  those  seen 
for  ADLs,  with  the  exception  of  spouse's  education. 
Contrary  to  our  hypotheses,  other  family-level  vari¬ 
ables  were  not  significantly  associated  with  incident 
I/ADL  limitations.  We  did  not  observe  any  signifi¬ 
cant  interactions  between  cognitive  status  and  our 


family-level  variables.  Although  we  found  no  evi¬ 
dence  that  family  level  variables  had  larger  or  smaller 
effects  for  people  at  high  risk  of  dementia,  this  does 
not  prove  effects  are  identical;  given  our  confidence 
intervals,  most  results  were  consistent  with  modest  dif¬ 
ferences  in  either  direction. 

Previous  literature  on  marital  status  or  living  with 
a  spouse  and  incident  disability  has  shown  varying 
results.14-1,  The  larger  size  and  longer  follow-up  time 
of  our  study  compared  with  the  majority  of  these  pre¬ 
vious  studies  increased  our  ability  to  examine  the  long¬ 
term  effects  of  marriage  on  functional  limitations 
among  the  elderly.  Additionally,  we  were  able  to 
examine  both  IADLs  and  ADLs.  Only  one  previous 
study  among  women  followed  for  2  years  examined 
both  ADLs  and  IADLs.15  One  reason  for  the  varying 
results  among  studies  may  be  because  these  are  dif¬ 
ferent  pathways  through  which  marital  status  may 
impact  disability.  Whereas  emotional  support  may 
improve  physical  funchoning  and  disability,  some  types 
of  support,  particularly  instrumental  support,  may  lead 
to  greater  disability.16  This  suggests  that  social  support 
may  act  on  incident  limitations  through  a  variety  of 
pathways,  some  of  which  may  have  beneficial  effects 
while  others  may  have  harmful  effects. 

We  found  that  spousal  characteristics  (particularly 
depression,  employment  status,  and  educational  at¬ 
tainment)  may  impact  the  onset  of  disability.  This 
finding  suggests  that  an  individual  may  influence  their 
spouse's  disability  via  active  problem-solving  strate¬ 
gies,  such  as  environmental  modifications  to  improve 
accessibility,  by  directly  helping  the  individual  com¬ 
plete  the  activity,  or  by  promoting  and  sustaining 
healthy  behavioral  patterns  (e.g.,  physical  activity  or 
adherence  to  medical  advice).  In  our  study,  spouse's 
depression  was  associated  with  a  higher  prevalence  of 
physical  inactivity  and  depression  in  the  respondent 
(see  Supplement  5),  which  are  risk  factors  for 
disability.18-20  We  hypothesized  that  spousal  charac¬ 
teristics  such  as  depression,  employment,  and  education 
could  influence  the  spouse's  capacity  to  provide  mean¬ 
ingful  support.  For  example,  depressed  spouses  may 
have  less  energy  and  motivation  to  problem-solve  for 
disability  prevention,  and  spouse's  education  may  in¬ 
fluence  the  spouse's  access  to  relevant  information 
regarding  environmental  modifications  that  could 
prevent  disability.  The  quality  and  type  of  support  pro¬ 
vided  may  then  impact  the  onset  of  IADL  and  ADL 
disability.  In  this  sample,  having  a  depressed  spouse 
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TABLE  3.  Association  between  dementia  probability  and  incident  I/ADL  limitations  including  interactions  between  dementia 

probability  and  family-level  variables 

ADL 

IADL 

t 

P 

t 

P 

OR 

95% 

Cl 

statistic 

values'1 

OR 

95% 

Cl 

statistic 

values1 

Marital  status 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.77 

0.64 

0.92 

-2.90 

0.01 

0.55 

0.46 

0.66 

-6.60 

<.01 

Not  married 

1.00 

ref 

1.00 

ref 

Married 

1.16 

0.92 

1.45 

1.26 

0.21 

1.04 

0.83 

1.29 

0.33 

0.75 

Married*Low  dementia  probability 

Living  arrangement 

0.98 

0.76 

1.26 

-0.16 

0.88 

1.01 

0.79 

1.29 

0.06 

0.95 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.77 

0.64 

0.92 

-2.86 

<0.01 

0.55 

0.46 

0.66 

-6.57 

<0.01 

Live  with  spouse 

1.00 

ref 

1.00 

ref 

Live  with  someone  other  than  spouse 

1.22 

0.83 

1.78 

1.02 

0.31 

1.24 

0.86 

1.77 

1.15 

0.25 

Low  dementia  probability*Live  with  someone 

1.17 

0.76 

1.79 

0.70 

0.49 

1.08 

0.71 

1.64 

0.35 

0.73 

other  than  spouse 

Live  alone 

1.16 

0.91 

1.47 

1.21 

0.23 

1.00 

0.80 

1.27 

0.03 

0.98 

Low  dementia  probability*Live  alone 

Proximity  to  children 

0.92 

0.71 

1.21 

-0.58 

0.56 

0.98 

0.75 

1.28 

-0.14 

0.89 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.71 

0.51 

0.98 

-2.09 

0.04 

0.61 

0.45 

0.84 

-3.07 

<0.01 

Live  with  children 

1.00 

ref 

1.00 

ref 

No  children 

0.70 

0.45 

1.11 

-1.52 

0.13 

0.72 

0.47 

1.10 

-1.51 

0.14 

Low  dementia  probability*No  children 

1.55 

0.91 

2.64 

1.62 

0.11 

1.15 

0.69 

1.93 

0.55 

0.59 

Children  within  10  miles 

0.89 

0.65 

1.21 

-0.77 

0.45 

1.00 

0.74 

1.33 

-0.03 

0.98 

Low  dementia  probability*Children  within  10  miles 

1.00 

0.70 

1.43 

-0.01 

1.00 

0.91 

0.64 

1.29 

-0.54 

0.59 

Children  over  10  miles 

0.80 

0.57 

1.12 

-1.30 

0.20 

1.00 

0.73 

1.38 

0.00 

1.00 

Low  dementia  probability*Children  over  10  miles 
Contacts  with  friends 

1.13 

0.77 

1.67 

0.62 

0.54 

0.81 

0.55 

1.19 

-1.08 

0.28 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.77 

0.65 

0.91 

-3.06 

<0.01 

0.55 

0.47 

0.66 

-6.93 

<.01 

Weekly  or  more  frequent  contact 

1.00 

ref 

1.00 

ref 

Less  than  weekly  contact 

1.04 

0.84 

1.29 

0.35 

0.73 

1.06 

0.86 

1.31 

0.57 

0.57 

Low  dementia  probability*Less  than  weekly  contact 
Spouse’s  employment  status 

0.98 

0.76 

1.26 

-0.15 

0.88 

1.00 

0.78 

1.28 

-0.04 

0.97 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.83 

0.67 

1.04 

-1.61 

0.11 

0.54 

0.44 

0.67 

-5.73 

<.01 

Retired  spouse 

1.00 

ref 

1.00 

ref 

Spouse  employed  full  time 

0.46 

0.14 

1.53 

-1.26 

0.21 

1.24 

0.58 

2.69 

0.55 

0.58 

Low  dementia  probability*Spouse  employed  full  time 

2.15 

0.61 

7.55 

1.20 

0.23 

0.57 

0.23 

1.38 

-1.25 

0.21 

Spouse  employed  part  time 

1.34 

0.87 

2.04 

1.34 

0.19 

0.74 

0.46 

1.19 

-1.23 

0.22 

Low  dementia  probability*Spouse  employed  part  time 

0.67 

0.41 

1.10 

-1.59 

0.12 

1.35 

0.79 

2.30 

1.08 

0.28 

Spouse  not  working 

1.29 

0.91 

1.83 

1.42 

0.16 

0.90 

0.63 

1.30 

-0.55 

0.59 

Low  dementia  probability*Spouse  not  working 

0.74 

0.48 

1.15 

-1.32 

0.19 

1.02 

0.65 

1.59 

0.07 

0.95 

No  spouse 

1.23 

0.96 

1.59 

1.63 

0.11 

0.99 

0.78 

1.25 

-0.10 

0.92 

Low  dementia  probability*No  spouse 

Spouse’s  depression  status 

0.90 

0.68 

1.20 

-0.70 

0.49 

1.04 

0.79 

1.36 

0.27 

0.79 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.76 

0.63 

0.92 

-2.79 

0.01 

0.54 

0.45 

0.65 

-6.50 

<.01 

Not  depressed  spouse 

1.00 

ref 

1.00 

ref 

Depressed  spouse 

1.42 

0.92 

2.18 

1.59 

0.12 

1.11 

0.69 

1.79 

0.45 

0.66 

Low  dementia  probability*Depressed  spouse 

1.16 

0.68 

1.97 

0.55 

0.59 

1.18 

0.66 

2.11 

0.57 

0.58 

No  spouse 

1.20 

0.95 

1.52 

1.53 

0.13 

1.04 

0.83 

1.30 

0.33 

0.75 

Low  dementia  probability*No  spouse 

Spouse’s  educational  status 

0.99 

0.76 

1.28 

-0.10 

0.93 

1.03 

0.80 

1.32 

0.21 

0.84 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.82 

0.66 

1.03 

-1.69 

0.09 

0.59 

0.48 

0.73 

-4.85 

<.01 

Spouse  with  less  than  high  school  education 

1.49 

1.05 

2.11 

2.22 

0.03 

0.93 

0.66 

1.31 

-0.43 

0.67 

Low  dementia  probability*Spouse  with  less  than 

0.82 

0.54 

1.23 

-0.97 

0.34 

0.84 

0.55 

1.27 

-0.83 

0.41 

high  school  education 

( Continued ) 
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TABLE  3.  ( Continued ) 


ADI.  IADL 


t 

P 

t 

P 

OR 

95% 

Cl 

statistic 

values1 

OR 

95% 

Cl 

statistic 

values1 

Spouse  with  high  school  education 

1.00 

ref 

1.00 

ref 

Spouse  with  college  education 

1.18 

0.75 

1.84 

0.71 

0.48 

1.15 

0.73 

1.82 

0.62 

0.54 

Low  dementia  probability*Spouse  with  college  education 

0.84 

0.52 

1.38 

-0.68 

0.50 

0.81 

0.49 

1.33 

-0.82 

0.41 

No  spouse 

1.32 

1.02 

1.71 

2.13 

0.04 

1.02 

0.80 

1.31 

0.19 

0.85 

Low  dementia  probability*No  spouse 

Isolation  index 

0.90 

0.68 

1.20 

-0.72 

0.48 

0.95 

0.72 

1.25 

-0.38 

0.71 

High  dementia  probability 

1.00 

ref 

1.00 

ref 

Low  dementia  probability 

0.78 

0.63 

0.98 

-2.19 

0.03 

0.54 

0.44 

0.67 

-5.76 

<01 

Isolation  (1  pt) 

1.13 

0.90 

1.43 

1.04 

0.30 

0.96 

0.76 

1.20 

-0.38 

0.71 

Isolation  (1  pt)*Low  dementia  probability 

0.91 

0.69 

1.19 

-0.68 

0.50 

1.02 

0.79 

1.34 

0.18 

0.86 

Isolation  (2  pts) 

1.01 

0.73 

1.40 

0.07 

0.95 

0.93 

0.69 

1.27 

-0.45 

0.66 

Isolation  (2  pts)*Low  dementia  probability 

1.09 

0.75 

1.58 

0.43 

0.67 

1.11 

0.77 

1.59 

0.56 

0.58 

Isolation  (3  pts) 

1.02 

0.56 

1.85 

0.06 

0.95 

0.83 

0.28 

2.44 

-0.34 

0.74 

Isolation  (3  pts)*Low  dementia  probability 

0.93 

0.41 

2.07 

-0.19 

0.85 

0.85 

0.24 

3.05 

-0.24 

0.81 

Notes:  Adjusted  for  age,  gender,  race,  southern  birthplace,  years  of  education,  mother's  and  father's  education,  height,  and  interview  wave. 
a4124  degrees  of  freedom;  p-values  have  been  rounded  up  to  the  nearest  hundredths  place. 


increased  the  risk  of  ADL  limitations,  and  this  effect 
was  similar  regardless  of  dementia  probability  status. 
Previous  research  has  also  suggested  that  depressive 
symptoms  in  one  spouse  may  affect  the  physical  health 
of  the  other  spouse.  In  the  Assets  and  Health  Dynam¬ 
ics  Among  the  Oldest  Old  (AHEAD)  study,  researchers 
found  that  elevated  depressive  symptoms  in  one  spouse 
predicted  increases  in  functional  limitations  in  the  cor¬ 
responding  partner.21  The  earliest  birth  cohorts  in  the 
current  analyses  include  participants  in  AHEAD.  Our 
study  expands  upon  this  previous  research  by  includ¬ 
ing  more  recent  birth  cohorts,  examining  the  association 
between  depressive  symptoms  at  baseline  and  new 
onset  of  functional  limitations,  and  assessing  whether 
associations  differed  by  cognitive  status.  The  impor¬ 
tance  of  spouse's  depression  has  also  been  documented 
in  other  patient  populations — for  example,  in  a  study 
of  patients  with  rheumatoid  arthritis,  spousal  depres¬ 
sion  was  associated  with  increased  patient  disability 
and  disease  activity.22  Interestingly,  a  later  study  found 
that  spouse's  depression  significantly  predicted  func¬ 
tion  limitations  only  when  the  patient  perceived  a  low 
empathic  response  in  the  spouse,  implicating  path¬ 
ways  related  to  emotional  support  rather  than  our 
hypothesized  instrumental  and  informational  support 
mechanisms.23 

Having  a  spouse  with  low  education  also  appeared 
to  increase  risk  of  ADL  limitations.  Previous  re¬ 
search  demonstrates  that  lower  spousal  education 


correlated  with  increased  risk  of  mortality  and  poor 
health  and  health  behaviors.24-26  It  is  difficult,  however, 
to  determine  if  the  effect  of  spouse's  education  on  these 
outcomes  is  causal.  Additionally,  unlike  the  other 
spousal  characteristics,  which  had  similar  directions 
of  associations  for  both  ADLs  and  IADLs,  we  are 
unsure  why  having  a  spouse  with  low  education  did 
not  increase  the  risk  of  IADL  limitations. 

Differences  between  the  results  of  this  study  and  pre¬ 
vious  studies  on  the  impact  of  family-level  characteristics 
on  incident  1/ ADL  limitations  may  be  explained  by 
some  of  the  differences  in  the  design  of  our  study  com¬ 
pared  with  previous  analyses.  First,  we  were  unable 
to  determine  the  specific  types  of  support  (instrumen¬ 
tal  versus  emotional)  provided  by  spouses,  children, 
or  friends.  Because  emotional  support  may  help  to 
protect  against  disability  whereas  instrumental  support 
can  increase  the  risk  of  disability  in  certain  situations, 
our  lack  of  detailed  information  on  support  or  types 
of  support  may  explain  why  we  did  not  see  strong 
effects  for  contacts  with  children  or  friends  on  inci¬ 
dent  I /ADL  limitations. 

A  few  limitations  to  our  study  should  be  noted.  We 
were  unable  to  determine  if  the  impact  of  our  spousal 
characteristics  on  incident  ADL  limitations  is  due  to 
causal  effects  or  confounding.  Also,  spouse's  assis¬ 
tance  with  an  activity  may  lead  to  under-reporting  of 
limitations.  The  respondents  may  report  no  limita¬ 
tion,  but,  in  reality,  without  their  spouse's  help,  they 
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would  experience  difficulty  completing  the  activity.  Ad¬ 
ditionally,  we  did  not  consider  the  order  in  which 
1/ ADL  limitations  occurred,  the  co-occurrence  of  both 
ADL  and  IADL  limitations,  back-transitions  due  to  the 
resolution  of  I/ADL  limitations,  or  the  severity  of  the 
reported  I/ADL  limitations.  We  also  did  not  examine 
changes  in  the  family-level  characteristics  over  time  and 
only  tested  a  limited  number  of  spousal  and  family- 
level  characteristics.  Finally,  some  of  our  effects  would 
not  meet  a  Bonferroni-corrected  significance  threshold. 

Strengths  to  our  study  include  the  use  of  a  large,  na¬ 
tionally  representative  cohort.  The  longitudinal  nature 
of  this  study  allowed  us  to  assess  family-level  vari¬ 
ables  and  cognitive  status  prior  to  the  onset  of  I/ADL 
limitations.  We  were  also  able  to  control  for  a  variety 
of  confounders  at  the  individual  level.  Additionally,  the 
use  of  imputed  dementia  probability  categories  allowed 
us  to  retain  even  severely  cognitively  impaired  indi¬ 
viduals  in  our  analyses.  We  were  also  able  to  explore 
whether  the  influence  of  these  family-level  factors  varied 
based  on  the  individual's  cognitive  function — a  topic 
that  many  previous  studies  did  not  explore.  Finally,  we 
evaluated  the  impact  of  family-level  variables  on  ADL 
and  IADL  limitations  separately,  and  found  distinct  pat¬ 
terns  for  these  two  categories  of  limitations. 

Results  from  this  study  suggest  that  not  being 
married,  living  with  someone  other  than  your  spouse, 
and  spouse's  depression  status  and  educational  status 
may  influence  the  onset  of  ADL  limitations  in  the  other 
spouse  regardless  of  their  level  of  cognitive  impair¬ 
ment.  This  suggests  that  the  characteristics  of  the  spouse 
may  influence  their  ability  to  provide  the  type  of  support 
needed  to  avoid  incident  ADL  limitations.  It  is  not  clear 
in  our  study  whether  spouses  are  so  important  spe¬ 
cifically  because  they  provide  care  in  the  context  of 
illness  or  because  they  provide  less  structured  routine 
support.  Most  prior  research  focuses  on  the  role  of 
spouses  as  caregivers  once  their  loved  one  has  a  di¬ 
agnosed  condition  or  need  (e.g.,  dementia).  For  example, 
previous  research  indicates  that  interventions  with 
spousal  caregivers  can  have  important  benefits  for  the 
care  recipient.27  Depressive  symptoms  are  common  in 
spousal  caregivers28  and  our  findings  suggest  that 
treating  such  depression  may  help  both  spouses.  It  is 
also  possible  that  spouses  influence  onset  of  I/ADL 


limitations  in  the  absence  of  diagnosed  conditions  by 
promoting  healthful  daily  routines  such  as  physical 
activity.  For  example,  spousal  support  improves  ef¬ 
fectiveness  of  physical  activity  interventions.29  Spouses 
may  also  impact  the  use  of  healthcare  resources.  For 
example,  there  is  evidence  that  married  individuals  use 
higher  quality  hospitals  and  have  shorter  lengths  of  stay 
than  those  who  are  widowed.30  Spouse's  education  may 
further  influence  their  ability  to  access  the  resources 
(for  example,  healthcare  or  adaptive  equipment)  that 
their  partner  needs  to  prevent  the  onset  of  1/ ADL  limi¬ 
tations.  Education  is  associated  with  health  literacy31 
and  increasing  health  literacy  has  been  positively  as¬ 
sociated  with  knowledge  of  health  services  and  health 
outcomes.32,33  This  suggests  that  low  education  spouses 
may  have  lower  health  literacy  and  may  have  difficul¬ 
ty  accessing  the  health  resources  needed  by  their  spouse 
to  remain  independent. 

These  results  highlight  the  importance  of  spousal  re¬ 
lationships  in  healthy  aging,  and  the  potential  influence 
of  interventions  delivering  support  and  resources  to 
spouses  of  vulnerable  elderly  individuals.  By  provid¬ 
ing  support  to  a  spouse,  we  may  be  able  to  reduce  the 
risk  of  ADL  limitations  in  their  partner.  Although  some 
family-level  factors  are  not  amenable  to  interven¬ 
tions,  some  of  the  spousal  characteristics  may  provide 
opportunities  for  design  or  targeting  of  interven¬ 
tions.  By  providing  spouses  with  mental  health 
resources  or  understanding  what  resources  are  not 
reaching  low  education  spouses,  we  may  be  able  to 
improve  their  ability  to  help  their  spouse  develop 
coping  strategies  or  use  adaptive  equipment  to  avoid 
the  onset  of  functional  limitations. 
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APPENDIX:  SUPPLEMENTARY  MATERIAL 

Supplementary  data  to  this  article  can  be  found  online 
at  doi:  10. 10l6/j.jagp.20l6.02.003. 
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Abstract 

BACKGROUND  — Individual-level  modifiers  can  delay  onset  of  limitations  in  basic  activities  of 
daily  living  (ADLs)  among  cognitively  impaired  individuals.  We  assessed  whether  these  modifiers 
also  delayed  onset  of  limitations  in  instrumental  ADLs  (IADLs)  among  individuals  at  elevated 
dementia  risk. 

OBJECTIVES— To  determine  whether  modifiable  individual-level  factors  delay  incident  IADL 
limitations  among  adults  stratified  by  dementia  risk. 

METHODS  — Health  and  Retirement  Study  participants  aged  65+  without  activity  limitations  in 
1998  or  2000  (N=5,219)  were  interviewed  biennially  through  2010.  Dementia  probability, 
categorized  in  quartiles,  was  used  to  predict  incident  IADL  limitations  with  Poisson  regression. 

We  estimated  relative  (risk  ratio)  and  absolute  (number  of  limitations)  effects  from  models 
including  dementia,  individual-level  modifiers  (physical  inactivity,  smoking,  no  alcohol 
consumption,  and  depression)  and  interaction  terms  between  dementia  and  individual-level 
modifiers. 

RESULTS  — Dementia  probability  quartile  predicted  incident  IADL  limitations  (relative  risk  for 
highest  versus  lowest  quartile=0.44;  95%  Cl:  0.28-0.70).  Most  modifiers  did  not  significantly 
increase  risk  of  IADL  limitations  among  the  cognitively  impaired.  Physical  inactivity  (RR=1.60; 

95%  Cl:  1.16,  2.19)  increased  the  risk  of  IADL  limitations  among  the  cognitively  impaired.  The 
interaction  between  physical  inactivity  and  low  dementia  probability  was  statistically  significant 
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(p=0.009)  indicating  that  physical  inactivity  had  significantly  larger  effects  on  incident  lADLs 
among  cognitively  normal  than  among  those  with  high  dementia  probability. 

CONCLUSION— Physical  activity  may  protect  against  1ADL  limitations  while  smoking,  alcohol 
consumption  and  depression  do  not  afford  substantial  protection  among  the  cognitively  impaired. 
Results  highlight  the  need  for  extra  support  for  lADLs  among  individuals  with  cognitive  losses. 


Keywords 

epidemiology;  cognition;  disability 


INTRODUCTION 

Limitations  in  instrumental  activities  of  daily  living  (IADLs)  increase  caregiver  burden  and 
risk  of  institutionalization.  [1,  2]  Cognitive  impairment  both  increases  the  risk  of  incident 
IADL  limitations[3]  and  exacerbates  the  financial  and  caregiver  burden  associated  with  such 
limitations. [4,  5]  Several  individual  behaviors  and  resources  are  known  to  influence  the 
onset  of  disability  in  cognitively  healthy  older  adults[6-10],  but  it  is  not  known  whether 
these  modifiable  factors  have  similar  effects  for  individuals  with  cognitive  impairments. [1 1] 

In  a  previous  study,  we  reported  that  the  impact  of  cognitive  impairment  on  the  risk  of 
incident  limitations  in  basic  activities  of  daily  living  (ADLs),  such  as  independent  dressing 
and  bathing,  is  substantially  reduced  by  modifiable  factors  including  not  smoking  and 
moderate  alcohol  consumption.  [12]  However,  because  IADLs  are  generally  more 
cognitively  demanding  than  ADLs[13],  individual-level  factors  may  not  prevent  IADL 
limitations  among  those  with  cognitive  impairment. [14]  In  other  words,  ADLs  tend  to  be 
defined  by  physical  capacities,  for  which  individual-level  modifiers  like  smoking  have  clear 
relevance  (such  as  decreased  lung  capacity).  The  link  to  such  individual-level  modifiers  may 
or  may  not  hold  for  IADLs,  because  the  skills  involved  in  IADLs  pertain  more  directly  to 
facilities  of  logic,  thought,  or  reasoning.  Sustaining  healthy  behaviors  is  challenging  for 
everyone  and  may  present  even  larger  burdens  for  individuals  with  cognitive  impairments 
and  their  caregivers.  As  a  result,  it  is  extremely  valuable  for  clinicians  and  families  to 
understand  the  potential  benefits  of  improved  risk  profiles.  Clinicians  and  families  can  then 
focus  their  efforts  on  those  modifiers  which  may  have  the  greatest  impact  on  the  patient’s 
function  and  understand  what  types  of  benefits  are  feasible.  Additionally,  if  these  individual- 
level  factors  do  not  exhibit  strong  effects  on  incident  IADL  limitations,  this  will  suggest  that 
clinicians  and  families  may  need  to  provide  direct  support  for  IADLs. 

Using  data  from  the  Health  and  Retirement  Study  (HRS),  we  expanded  upon  our  previous 
research  to  examine  whether  four  individual-level  factors-low  physical  activity,  not 
consuming  alcohol,  smoking,  and  depression-were  associated  with  incident  IADL 
limitations  regardless  of  cognitive  function;  in  other  words,  do  these  factors  have  benefit 
among  those  with  cognitive  impairment  or  are  they  relevant  for  the  onset  of  IADL 
limitations  only  among  those  with  high  cognitive  function?  We  focused  on  these  factors 
because,  unlike  demographic  characteristics  like  age  or  gender,  these  factors  can  be 
modified  or  treated.  Given  the  cognitive  demands  of  most  IADL  tasks,  we  hypothesized  that 
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these  individual-level  factors  would  have  large  benefits  for  individuals  with  low  dementia 
probability,  but  fewer  benefits  for  individuals  with  high  dementia  probability. 

MATERIALS  AND  METHODS 

HRS  has  been  described  in  detail  previously. [15,  16]  In  brief,  this  is  a  nationally 
representative  cohort  of  Americans  aged  50  years  or  older  and  their  spouses.  We  restricted 
our  analyses  to  those  participants  enrolled  in  HRS  and  aged  65  years  or  older  in  1998;  we 
use  data  from  biennial  follow-ups  through  2010. 

HRS  was  approved  by  the  University  of  Michigan  Health  Sciences  Human  Subjects 
Committee.  These  analyses  were  determined  to  be  exempt  by  the  Harvard  School  of  Public 
Health  Office  of  Human  Research  Administration. 

Outcome  Assessment 

During  the  biennial  interviews,  participants  were  asked  to  report  if  they  had  difficulty  in  five 
lADLs  in  the  past  30  days.  These  activities  included  using  a  phone,  managing  money,  taking 
medication,  shopping  for  groceries,  and  preparing  hot  meals,  items  selected  from  the  Lawton 
and  Brody  index.  [17]  Development  and  validation  of  these  items  is  described  in  more  detail 
in  HRS  documentation  18]  and  subsequent  research.  For  example,  all  items  were  shown  to 
predict  two-year  mortality  in  a  subsample  of  HRS. [19]  Participants  reported  “yes,”  “no”  or 
“do  not  do”  to  each  of  these  items.  For  consistency  with  prior  work,  we  used  the  RAND 
variable  for  any  activity  limitation,  [20]  which  sums  reported  activity  limitations  in  the  five 
lADLs  and  ranges  from  0  to  5.  “Don’t  do”  and  “refused”  are  treated  as  no  limitation  in  the 
RAND  coding.  Those  who  reported  any  activity  limitations  in  1998  or  2000  were  excluded 
from  our  analyses,  so  we  could  evaluate  predictors  of  incident  limitations.  Sensitivity 
analyses  indicated  results  were  similar  when  respondents  were  censored  at  first  report  of 
“don’t  do”  or  “refused”  for  any  item  and  when  the  food  preparation  and  managing  money 
items  were  excluded  from  the  outcome  definition. 

Exposure  Assessment 

We  used  imputed  dementia  probability  as  our  measure  of  cognitive  functioning  in  this  study. 
Methods  for  calculating  this  score  have  been  described  in  detail  elsewhere. [21]  In  brief, 
participants  able  to  complete  cognitive  interviews  were  assessed  via  immediate  and  delayed 
recall  of  a  10-word  list  and  a  modified  Telephone  Interview  for  Cognitive  Status.  If  a 
participant  was  too  impaired  to  participate  in  cognitive  interviews,  proxies  completed  the 
Jorrn  Informant  Questionnaire  for  Cognitive  Decline  [22-24]  and  a  single  item  memory 
impairment  question.  Additionally,  a  subset  of  HRS  participants  completed  a  multi¬ 
instrument  memory  assessment.  To  impute  dementia  probabilities,  the  proxy  and  participant 
assessments  were  combined  and  calibrated  against  dementia  diagnosis  according  to  DSM- 
III-R  and  DSM-IV  criteria  (C  statistic  =  94.3%).  The  dementia  probability  has  a  theoretical 
range  from  0  (no  chance  individual  has  dementia)  to  1  (individual  certain  to  have  dementia) 
and  an  actual  range  in  our  data  of  4.38*e-13  to  0.99. 

For  the  purpose  of  these  analyses,  the  dementia  probabilities  were  divided  into  four 
categories  based  on  the  quartile  cutpoints  of  the  dementia  probability  distribution  in  the  first 
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exposure  wave  (2000).  The  reference  group  for  all  analyses  was  the  highest  dementia 
probability  quartile.  The  other  dementia  categories  were  modeled  as  three  indicator  variables 
and  interactions  between  modifiers  and  each  indicator  variable  were  used  to  test  whether 
effects  differed  by  dementia  probability.  In  all  analyses,  dementia  probability  was  assessed 
in  the  wave  prior  to  IADL  assessment.  We  also  performed  sensitivity  analyses  in  which 
participants  were  categorized  into  two  groups  based  on  a  cutpoint  of  the  90th  percentile  of 
the  dementia  probability  distribution  at  baseline.  The  effects  of  our  modifiers  were  similar  to 
those  seen  in  our  main  analyses  (see  supplemental  material). 

Assessment  of  Individual  Level  Modifiers 

We  assessed  whether  physical  inactivity,  not  consuming  alcohol,  smoking,  or  depression 
accelerated  onset  of  IADL  limitations  among  individuals  in  the  highest  dementia  probability 
category.  We  slightly  modified  the  RAND  version[20]  of  these  variables  to  account  for 
changes  in  questions  over  time  and  to  create  dichotomous  variables  consistent  with  our 
previous  work.[12,  25]  We  dichotomized  physical  activity  as  active  versus  inactive.  Since 
the  questions  on  physical  activity  changed  over  time,  in  1998,  2000,  and  2002,  we  defined 
“active”  as  vigorous  activity  3  or  more  times  per  week.  From  2004  onwards,  we  defined 
active  as  vigorous  activity  1  or  more  times  per  week.  Although  this  is  a  lower  level  of 
physical  activity,  this  category  was  the  closest  to  the  category  used  in  earlier  questionnaires. 
We  dichotomized  alcohol  consumption  as  moderate  drinking  (more  than  zero  and  fewer  than 
two  drinks  per  day)  versus  not  drinking.  Due  to  the  small  number  of  heavy  drinkers  (2  or 
more  drinks  per  day)  in  this  cohort,  we  were  not  able  to  examine  interactions  between  heavy 
drinking  and  dementia  probability  and  excluded  heavy  drinkers  from  our  analyses  of  alcohol 
consumption.  To  calculate  drinks  per  day,  the  number  of  drinks  consumed  on  days  the 
participant  drinks  was  multiplied  by  the  number  of  days  per  week  the  participant  reported 
drinking  and  the  result  was  divided  by  seven.  Current  smoking  status  was  a  binary  variable 
(yes/no).  We  dichotomized  depressive  symptoms  as  depressed  versus  not  depressed,  defined 
as  reporting  three  or  more  depressive  symptoms  in  the  past  two  weeks  using  a  modified  8- 
item  Centers  for  Epidemiologic  Studies-Depression  scale.  All  modifiers  were  assessed  in  the 
wave  prior  to  outcome  assessment. 


Covariates 

We  adjusted  for  both  time-constant  and  time-varying  confounders.  Our  time-constant 
confounders  were  assessed  in  1998  and  included:  age  (centered,  continuous),  centered  age 
squared  (continuous),  gender,  race  (black  versus  other),  southern  birthplace,  years  of 
education  (linear  spline  model  with  discontinuities  at  completion  of  high  school  and 
completion  of  college  plus  an  indicator  variable  for  GED  completion),  mother’s  and  father’s 
education  (=<8  years,  >8  years),  and  height  (gender-specific  baseline  quartiles).  Our  time- 
varying  confounders  were  all  assessed  in  the  wave  prior  to  the  exposure  and  included: 
marital  status  (divorced/separated,  widowed,  never  married,  married),  log  of  household  size- 
adjusted  wealth  (continuous),  body  mass  index  (continuous),  self-reported  comorbidities 
(high  blood  pressure,  diabetes,  cancer,  lung  disease,  heart  disease,  stroke,  psychiatric 
problems,  and  arthritis),  low  income  (dichotomized  using  a  cutpoint  of  $12,031,  the  25th 
percentile  of  household-size  adjusted  income  at  baseline),  our  individual  level  modifiers, 
and  interview  wave.  Participants  missing  any  covariate  at  baseline  were  excluded  from  all 
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analyses.  If  a  covariate  or  modifier  value  was  missing  during  follow-up,  we  carried  forward 
the  last  known  value  of  the  covariate  or  modifier. 

Statistical  Analysis 

Our  outcome  was  the  count  of  IADL  limitations  at  each  wave  which  allowed  us  to  model  the 
total  number  of  limitations  experienced  by  an  individual.  Poisson  regression  models  were 
used  to  estimate  the  relative  risk  of  reporting  IADL  limitations  for  each  dementia  probability 
category.  Participants  were  censored  from  analyses  after  developing  any  IADL  limitation, 
last  interview,  death,  or  at  the  first  wave  of  missing  information  on  dementia  probability  or 
IADL  limitations. 

We  used  two  approaches  to  determine  if  the  individual-level  factors  had  differential  effects 
on  the  risk  of  incident  IADL  limitations  for  participants  in  each  of  the  dementia  categories. 
First,  we  included  an  interaction  term  between  each  dementia  category  and  each  modifier  (in 
separate  models  for  each  modifier).  This  tests  whether  the  modifier  has  different  relative 
effects  on  the  development  of  IADL  limitations  depending  upon  the  participant’s  dementia 
probability.  To  correct  for  overdispersion  and  clustering,  we  used  sandwich  variance 
estimators. [26]  These  analyses  were  performed  using  PROC  GENMOD  in  SAS  9.3  using 
the  covb  option  and  with  weights  described  below. 

Second,  using  the  “margins”  command  in  Stata  12,  we  computed  the  expected  number  of 
IADL  limitations  if  everyone  in  the  population  was  in  the  low,  mild,  moderate,  or  high 
dementia  probability  categories  and  had  either  the  “beneficial”  or  “adverse”  value  of  the 
modifier.  This  estimates  the  absolute  effect  of  each  modifier  for  each  dementia  probability 
category.  The  average  number  of  expected  incident  IADL  limitations  was  calculated  using 
coefficients  estimated  in  Poisson  regression  models  with  interaction  terms  and  the  actual 
population  distribution  of  other  covariates. 

We  used  inverse  probability  weights  (IPWs)  to  account  for  time-varying  confounders, 
selective  survival,  and  attrition.  [27]  The  IPWs  use  lagged  covariate  values,  so  our  first 
“exposure”  wave  was  2000  and  our  first  “outcome”  wave  was  2002.  We  constructed  weights 
for  dementia  probability  category,  modifier  status,  survival  and  participation  in  HRS.  The 
weights  and  the  HRS  sampling  weight  from  1998  were  multiplied  together  to  create  a  final 
weight  for  each  participant;  the  final  weight  reflects  the  inverse  of  the  probability  that  the 
individual  was  alive  and  participated  in  the  outcome  wave  and  had  the  dementia  category 
and  modifier  values  he  or  she  actually  had,  given  his  or  her  past  dementia  probability, 
modifier  and  covariate  history.  Weights  were  stabilized[27]  and  truncated  at  the  98th 
percentile  to  minimize  outlier  influence. 

We  used  identical  methods  to  those  describe  above  for  sensitivity  analyses  with  the 
alternative  operationalization  of  the  exposure  (cutpoint  at  the  90th  percentile  of  the  dementia 
probability  distribution  at  baseline).  Due  to  concerns  that  some  IADL  instructions  may  be 
gender  specific,  we  also  performed  additional  sensitivity  analyses  excluding  managing 
money  and  preparing  hot  meals  and  found  similar  results  to  those  shown  here  (not  shown). 
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From  the  10,367  individuals  aged  65  or  older  in  1998,  we  excluded  the  3391  participants 
who  reported  prevalent  IADL  limitations  in  1998  or  2000  or  who  did  not  answer  any  of  the 
questions  on  IADL  limitations  in  1998.  We  also  excluded  747  participants  who  did  not 
answer  the  question  on  IADL  limitations  in  2002  and  453  participants  for  whom  cognitive 
measures  were  not  available  in  1998  or  2000.  Finally,  we  excluded  355  participants  missing 
baseline  covariate  information,  leaving  5219  participants  for  our  analyses. 


RESULTS 

Among  respondents  with  the  highest  probability  of  dementia  at  baseline,  63.%  were 
physically  inactive,  77.7%  did  not  consume  alcohol  and  13.6%  were  depressed.  In 
comparison,  among  respondents  with  low  dementia  probability  48.1%  were  physically 
inactive,  69.4%  did  not  consume  alcohol  and  8.1%  were  depressed  (Table  1).  Individuals 
with  the  highest  probability  of  dementia  reported  the  highest  mean  number  of  limitations  at 
each  wave  (Table  2). 

The  low  dementia  probability  category  was  associated  with  lower  risk  of  incident  IADL 
limitations  (relative  risk=0.44,  95%  Cl:  0.28-0.70).  Compared  to  high  dementia  probability, 
mild  (relative  risk=0.35;  95%  Cl:  0.27-0.45)  and  moderate  probability  of  dementia  (relative 
risk=0.53;  95%  Cl:  0.44-0.65)  were  also  associated  with  significantly  lower  risk  of  incident 
IADL  limitations  (results  not  shown  in  tables).  Physical  inactivity  (relative  risk=1.50;  95% 
Cl:  1.20,  1.87)  significantly  predicted  a  higher  risk  of  incident  IADL  limitations.  The 
association  between  depression  and  incident  IADL  limitations  did  not  reach  conventional 
thresholds  for  statistical  significance  but  suggested  a  harmful  effect  (relative  risk=1.29;  95% 
Cl:  0.99,  1.69,  p-value  =0.06). 

Table  3  shows  the  association  between  our  dementia  probability  categories  and  the  risk  of 
incident  IADL  limitations,  the  association  between  each  modifier  and  incident  IADL 
limitations,  and  the  interaction  between  each  dementia  probability  category  and  each 
modifier.  In  these  models,  an  interaction  coefficient  of  1  indicates  the  modifier  has  the  same 
relative  effect  on  IADL  limitations  in  those  with  high  dementia  probability  as  in  those  with 
low  dementia  probability.  If  the  interaction  coefficient  is  less  than  1,  it  indicates  the  modifier 
effect  is  lower  (less  harmful)  among  those  with  low  dementia  probability;  conversely,  if  the 
interaction  coefficient  is  greater  than  1,  it  indicates  the  modifier  effect  is  higher  (more 
harmful)  among  those  with  low  dementia  probability. 

Physical  inactivity  predicted  higher  increased  risk  of  incident  IADL  limitations  among  those 
with  high  dementia  probability  (RR=1.60;  95%  Cl:  1.16,  2.19).  The  interaction  between 
physical  inactivity  and  low  dementia  probability  was  over  1  and  statistically  significant 
(RR=2.28,  95%  Cl:  1.05,  4.93)  indicating  that  the  estimated  relative  harm  of  physical 
inactivity  is  greater  among  those  with  the  lowest  dementia  probability  than  among  those 
with  the  highest  probability  of  dementia. 

The  three  other  modifiers  we  examined  -  not  consuming  alcohol,  smoking,  and  depression  - 
were  not  significantly  associated  with  increased  risk  of  IADL  limitations  among  those  with 
high  dementia  probability.  The  interaction  terms  between  these  modifiers  and  most  of  our 
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dementia  categories  were  not  statistically  significant,  so  there  was  also  no  evidence  that  the 
relative  harm  of  these  modifiers  differed  by  dementia  probability.  Although  the  interaction 
between  the  moderate  dementia  probability  and  depression  was  statistically  significant 
(RR=1.81,  95%  Cl:  1.03,  3.17),  the  effect  was  not  seen  for  other  dementia  probability 
categories  and  showed  no  consistent  pattern  across  levels  of  dementia  probability. 

We  also  estimated  the  absolute  impact  of  the  modifiers  on  the  risk  of  incident  IADL 
limitations  for  individuals  in  different  dementia  categories,  by  calculating  predicted  number 
of  incident  IADL  limitations  in  each  group.  Respondents  in  the  high  dementia  probability 
category  who  were  physically  active  were  predicted  to  develop  an  average  of  0.25  incident 
IADL  limitations  over  the  next  two  years  (Figure  1).  Those  in  the  high  dementia  probability 
category  who  were  physically  inactive  were  expected  to  develop  0.39  limitations  over  the 
next  two  years.  Therefore,  physical  inactivity  increased  the  average  number  of  incident 
IADL  limitations  by  0.15  for  the  most  cognitively  impaired  category  (p-value  for  difference 
=  0.007).  Among  people  in  the  low  dementia  probability  category,  physical  inactivity  was 
associated  with  an  extra  0.14  new  IADL  limitations  at  each  wave  (p-value  for  difference 
=0.004).  Consistent  with  the  multiplicative  models,  alcohol  use,  smoking,  and  depression 
had  little  benefit  on  an  absolute  scale  for  individuals  in  the  highest  dementia  probability 
quartile  (figures  lb-ld). 

DISCUSSION 

Results  from  this  large,  prospective  cohort  study  suggest  that  not  consuming  alcohol, 
smoking,  and  depression  have  limited  effects  on  the  incidence  of  IADL  limitations  among 
cognitively  impaired  individuals.  In  contrast  physical  inactivity  is  associated  with  an 
increased  risk  of  incident  IADL  limitations  for  both  the  high  and  low  dementia  risk  groups. 
This  paper  builds  on  our  previous  work  on  these  modifiers,  cognitive  impairment,  and  ADL 
limitations  by  examining  the  effect  of  the  modifiers  on  IADL  limitations  in  both  cognitively 
normal  and  cognitively  impaired  populations. 

A  previous  meta-analysis  concluded  that  cognitive  status  influences  functional  outcomes, [3] 
but  did  not  explore  whether  the  impact  of  cognitive  status  on  functional  outcomes  can  be 
modified  by  individual  level  health  behaviors.  Several  of  the  factors  that  we  examined, 
including  smoking,[6-10]  depression,[28]  and  high  levels  of  alcohol  consumption, [29]  have 
already  been  associated  with  functional  decline  or  impairment  among  those  with  normal 
cognition.  Fewer  studies  have  examined  effects  of  these  modifiers  among  those  with 
cognitive  impairment  or  examined  lADLs  as  a  separate  outcome  from  ADL  limitations.  A 
recent  review  of  the  literature  on  depression  and  disability  found  that  of  the  12  studies  which 
measured  cognition,  only  6  reported  that  baseline  or  incident  depression  predicted  disability 
independent  of  cognition.  [28]  However,  these  studies  examined  ADLs  or  a  composite  of 
ADLs  and  lADLs  as  their  measure  of  disability.  Since  IADLs  are  typically  more  cognitively 
demanding  than  ADLs,  we  hypothesized  that  it  was  less  likely  that  these  individual-level 
factors  would  ameliorate  the  effects  of  cognitive  impairment  on  IADL  limitations.  [30] 

Intervention  studies  suggest  that  physical  activity  may  improve  functional  outcomes  among 
those  with  dementia  or  mild  cognitive  impairment. [31] ’[32,  33]  Additionally,  a  previous 
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observational  study  examined  the  effect  of  physical  activity  on  both  ADL  and  lADLs  among 
community-based  elderly  participants  without  dementia.  They  observed  decreased  in  the  risk 
of  incident  ADL  (HR=0.89;  95%  Cl:  0.83-0.95)  and  IADL  (HR=0.93;  95%  Cl:  0.89-0.99) 
limitations  for  each  additional  hour  of  physical  activity.  [34]  However,  this  study  did  not 
examine  whether  the  impact  of  physical  activity  on  incident  IADL  limitations  varied  by 
level  of  baseline  cognitive  function.  Our  study  expands  upon  these  results  by  examining 
whether  the  impact  of  physical  inactivity  on  IADL  limitations  varies  by  cognitive  status. 
Physical  inactivity  increased  the  risk  of  incident  IADL  limitations  among  those  with  and 
without  cognitive  impairments,  with  evidence  that  the  effect  was  stronger  in  relative  terms 
among  those  without  cognitive  impairments.  In  addition  to  the  relative  impact  of  physical 
inactivity  on  the  risk  of  IADL  limitations,  the  magnitude  of  the  effect  estimate  in  absolute 
terms  was  clinically  meaningful,  especially  given  the  other  known  benefits  of  physical 
activity  on  cardiovascular  and  cognitive  health.  Although  apraxia  and  cognitive  losses  may 
inhibit  the  ability  of  the  cognitively  impaired  person  to  participate  in  some  activities, 
clinicians  and  caregivers  can  work  together  to  develop  activities  in  which  the  cognitively 
impaired  person  can  participate. [35] 

Although  over  3.4  million  Americans  over  the  age  of  71  are  affected  by  MCI  or  dementia 
[36],  there  is  no  known  cure  and  treatments  have  modest  if  any  benefits.  Median  survival 
after  diagnosis  with  dementia  is  4.1  years  for  men  and  4.6  years  for  women. [37]  Therefore, 
it  is  of  utmost  importance  to  develop  strategies  to  preserve  quality  of  life  and,  to  the  extent 
possible,  independence,  for  patients  as  long  as  possible.  Overall,  our  findings  highlight  the 
tremendous  challenges  in  helping  cognitively  impaired  individuals  maintain  IADL 
independence.  Even  with  behavioral  modifications  designed  to  help  preserve  independence 
in  basic  ADLs,  patients  with  dementia  or  cognitive  impairment  are  likely  to  need  substantial 
assistance  with  IADLs.  Unfortunately,  many  IADLs  are  not  considered  part  of  routine 
medical  care  or  even  home  health  care.  For  individuals  with  cognitive  impairment,  IADL 
limitations  may  lead  to  earlier  institutionalization  or  major  burdens  on  caregivers.  For 
patients  without  extensive  networks  to  help  with  IADLs,  such  limitations  may  pose  serious 
threats  to  health  and  safety.  Providing  direct  support  for  IADLs,  alongside  behavioral 
interventions  to  preserve  ADL  independence  and  treatment  of  other  comorbidities  like 
depression,  should  be  a  key  strategy  for  preserving  quality  of  life  for  individuals  with 
cognitive  impairment  or  early  dementia. 

We  acknowledge  important  limitations  in  our  study,  including  the  potential  for  residual 
confounding  by  factors  like  physical  impairments  that  may  affect  both  our  individual-level 
risk  factors  and  incident  IADL  limitations.  Additionally,  this  study  examines  overall  number 
of  IADL  limitations  and  does  not  consider  the  order  in  which  the  limitations  occur,  the  co¬ 
occurrence  of  ADL  and  IADL  limitations,  or  back-transitions  due  to  resolution  of  IADL 
limitations.  Additionally,  our  study  only  examined  the  presence  or  absence  of  an  IADL 
limitation  and  did  not  consider  whether  individual-level  modifiers  impact  the  severity  of  the 
IADL  limitation.  It  is  possible  that  these  modifiers  may  reduce  the  severity  of  IADL 
limitations  but  our  measures  were  not  sufficiently  sensitive  to  detect  modest  improvements. 
Also,  this  study  only  looks  at  four  individual-level  modifiers  and  there  may  be  other 
individual-level  characteristics,  behaviors,  and  health  factors  for  incident  IADL  limitations 
(for  example,  dietary  factors[38]  [39],  social  activities[40],  body  mass  index,  disease 
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burden,  lower  extremity  functional  limitation,  low  frequency  of  social  contacts,  and  vision 
impairment  [4])  which  may  modify  the  association  between  cognitive  impairment  and 
incidence  IADL  limitations.  Our  use  of  data  from  a  large,  nationally  representative  cohort 
study  is  a  major  strength  of  this  study.  Since  the  data  were  collected  longitudinally  over 
several  years,  we  assessed  cognitive  status  and  individual-level  modifiers  prior  to  outcome 
assessment.  Additionally,  we  used  inverse  probability  weighting  to  control  for  the  possibility 
that  cognitive  functioning  may  impact  future  modifier  status  and  selective  attrition.  Another 
strength  of  this  study  was  the  use  of  imputed  dementia  probability  categories.  Although 
those  with  severe  cognitive  impairment  often  cannot  complete  cognitive  assessments  and  are 
excluded  from  analyses,  we  used  proxy  reports  of  cognitive  status  to  determine  a  subject’s 
dementia  probability  category.  This  allowed  us  to  retain  those  individuals  with  severe 
cognitive  impairments. 

CONCLUSION 

We  found  a  strong  association  between  dementia  probability  and  incident  IADL  limitations. 
Physical  inactivity  was  associated  with  an  increased  risk  of  incident  IADL  limitations 
regardless  of  cognitive  status.  However,  not  consuming  alcohol,  smoking,  and  depression 
did  not  have  major  impacts  on  IADLs  among  individuals  with  cognitive  impairments.  Given 
the  increased  cognitive  demands  of  IADLs,  it  may  be  difficult  to  use  some  of  the  individual- 
level  factors  examined  in  this  study  to  ameliorate  the  impact  of  cognitive  impairment  on 
IADL  limitations.  In  addition  to  supporting  continued  physical  activity  among  the 
cognitively  impaired,  direct  support  for  IADLs  may  also  be  an  important  component  of 
providing  health  care  to  individuals  with  cognitive  impairment  or  dementia. 

Supplementary  Material 

Refer  to  Web  version  on  PubMed  Central  for  supplementary  material. 


Acknowledgments 

This  work  was  supported  by  the  Telemedicine  and  Advanced  Technology  Research  Center  (TATRC)  at  the  U.S. 
Army  Medical  Research  and  Materiel  Command  (USAMRMC)  through  award  W81XWH-12-1-0143.  Dr. 
Capistrant  was  also  supported  by  generous  support  from  the  National  Institutes  of  Health  (T32  HD007168  and  R24 
HD050924).  Ms.  Marden  was  also  supported  by  the  National  Institutes  of  Health  (T32  NS048005). 


References 

1.  Gaugler  JE,  Kane  RL,  Kane  RA,  Clay  T,  Newcomer  R.  Caregiving  and  institutionalization  of 
cognitively  impaired  older  people:  utilizing  dynamic  predictors  of  change.  Gerontologist.  2003; 
43:219-229.  [PubMed:  12677079] 

2.  Luppa  M,  Luck  T,  Braider  E,  Konig  HH,  Riedel-Heller  SG.  Prediction  of  institutionalisation  in 
dementia.  A  systematic  review.  Dement  Geriatr  Cogn  Disord.  2008;  26:65-78.  [PubMed: 
18617737] 

3.  Royall  DR,  Lauterbach  EC,  Kaufer  D,  Malloy  P,  Coburn  KL,  Black  KJ.  Committee  on  Research  of 
the  American  Neuropsychiatric  A.  The  cognitive  correlates  of  functional  status:  a  review  from  the 
Committee  on  Research  of  the  American  Neuropsychiatric  Association.  J  Neuropsychiatry  Clin 
Neurosci.  2007;  19:249-265.  [PubMed:  17827410] 


J  Alzheimers  Dis.  Author  manuscript;  available  in  PMC  2016  January  01. 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


Rist  et  al. 


Page  10 


4.  Langa  KM,  Chernew  ME,  Kabeto  MU,  Herzog  AR,  Ofstedal  MB,  Willis  RJ,  Wallace  RB,  Mucha 
LM,  Straus  WL,  Fendrick  AM.  National  estimates  of  the  quantity  and  cost  of  informal  caregiving 
for  the  elderly  with  dementia.  J  Gen  Intern  Med.  2001;  16:770-778.  [PubMed:  11722692] 

5.  Ory  MG,  Hoffman  RR  3rd,  Yee  JL,  Tennstedt  S,  Schulz  R.  Prevalence  and  impact  of  caregiving:  a 
detailed  comparison  between  dementia  and  nondementia  caregivers.  Gerontologist.  1999;  39:177- 
185.  [PubMed:  10224714] 

6.  Eriksen  W,  Natvig  B,  Rutle  O,  Bruusgaard  D.  Smoking  as  a  predictor  of  long-term  work  disability 
in  physically  active  and  inactive  people.  Occup  Med  (Lond).  1998;  48:315-320.  [PubMed: 

9876415] 

7.  Haas  AL,  Eng  C,  Dowling  G,  Schmitt  E,  Hall  SM.  The  relationship  between  smoking  history  and 
current  functioning  in  disabled  community-living  older  adults.  Ann  Behav  Med.  2005;  29: 166-173. 
[PubMed:  15946110] 

8.  Klijs  B,  Mackenbach  IP,  Kunst  AE.  Obesity,  smoking,  alcohol  consumption  and  years  lived  with 
disability:  a  Sullivan  life  table  approach.  BMC  Public  Health.  2011;  11:378.  [PubMed:  21605473] 

9.  Schmitz  N,  Kruse  J,  Kugler  J.  Smoking  and  its  association  with  disability  in  chronic  conditions: 
results  from  the  Canadian  Community  and  Health  Survey  2.1.  Nicotine  Tob  Res.  2007;  9:959-964. 
[PubMed:  17763113] 

10.  Takashima  N,  Miura  K.  Hozawa  A,  Okamura  T,  Hayakawa  T,  Okuda  N,  Kadowaki  T,  Murakami 
Y,  Kita  Y,  Nakamura  Y,  Okayama  A,  Ueshima  H,  Group  NDR.  Cigarette  smoking  in  middle  age 
and  a  long-term  risk  of  impaired  activities  of  daily  living:  NIPPON  DATA80.  Nicotine  Tob  Res. 
2010;  12:944-949.  [PubMed:  20675364] 

11.  Stuck  AE,  Walthert  JM,  Nikolaus  T,  Bula  CJ,  Hohmann  C,  Beck  JC.  Risk  factors  for  functional 
status  decline  in  community-living  elderly  people:  a  systematic  literature  review.  Soc  Sci  Med. 
1999;  48:445^169.  [PubMed:  10075171] 

12.  Rist  PM,  Capistrant  BD,  Wu  Q,  Marden  IR,  Glymour  MM.  Dementia  and  dependence:  do 
modifiable  risk  factors  delay  disability?  Neurology.  2014;  82:1543-1550.  [PubMed:  24682970] 

13.  Njegovan  V,  Hing  MM,  Mitchell  SL,  Molnar  FJ.  The  hierarchy  of  functional  loss  associated  with 
cognitive  decline  in  older  persons.  J  Gerontol  A  Biol  Sci  Med  Sci.  2001;  56:M638-643.  [PubMed: 
11584037] 

14.  Lawrence  RH,  Jette  AM.  Disentangling  the  disablement  process.  J  Gerontol  B  Psychol  Sci  Soc  Sci. 
1996;  51:S173-182.  [PubMed:  8673646] 

15.  Juster  FT,  Suzman  R.  The  Health  and  Retirement  Study:  An  Overview.  Journal  of  Human 
Resources.  1995;  30(Suppl):7-56. 

16.  Heeringa  SC.  Technical  description  of  the  Asset  and  Health  Dynamics  (AHEAD)  sample  design. 
Report  of  the  Survey  Design  and  Analysis  Unit,  Institute  for  Social  Research,  University  of 
Michigan.  1995 

17.  Lawton  MP.  Brody  EM.  Assessment  of  older  people:  self-maintaining  and  instrumental  activities 
of  daily  living.  Gerontologist.  1969;  9:179-186.  [PubMed:  5349366] 

18.  Fonda,  S.;  Herzog,  A.  Documentation  of  Physical  Functioning  Measures  in  the  Health  and 
Retirement  Study  and  the  Asset  and  Healthy  Dynamics  among  the  Oldest  Old  Study,  http:// 
hrsonline.isr.umich.edu/index.php?p=userg,  Accessed  September  29,  2014 

19.  Carey  EC,  Walter  LC,  Lindquist  K,  Covinsky  KE.  Development  and  validation  of  a  functional 
morbidity  index  to  predict  mortality  in  community-dwelling  elders.  J  Gen  Intern  Med.  2004; 
19:1027-1033.  [PubMed:  15482555] 

20.  St  Clair,  P.;  Blake,  D.;  Bugliari,  D.;  Chien,  S.;  Hayden,  O.;  Hurd,  M.;  Ilchuk,  S.;  Kung,  F-Y.;  Miu, 
A.;  Panis,  C.;  Pantoja,  P.;  Rastegar,  A.;  Rohwedder,  S.;  Roth,  E.;  Carroll,  J.;  Zissimopoulos,  J. 
RAND.  Center  for  the  Study  of  Aging;  Santa  Monica,  CA:  2010. 

21.  Wu  Q,  Tchetgen  Tchetgen  EJ,  Osypuk  TL,  White  K,  Mujahid  M,  Maria  Glymour  M.  Combining 
Direct  and  Proxy  Assessments  to  Reduce  Attrition  Bias  in  a  Longitudinal  Study.  Alzheimer  Dis 
Assoc  Disord.  2012 

22.  Jorm  AF.  A  short  form  of  the  Informant  Questionnaire  on  Cognitive  Decline  in  the  Elderly 
(IQCODE):  development  and  cross-validation.  Psychol  Med.  1994;  24:145-153.  [PubMed: 
8208879] 


J  Alzheimers  Dis.  Author  manuscript;  available  in  PMC  2016  January  01. 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


Rist  et  al. 


Page  1 1 


23.  Jorm  AF,  Christensen  H,  Korten  AE,  Jacomb  PA,  Henderson  AS.  Informant  ratings  of  cognitive 
decline  in  old  age:  validation  against  change  on  cognitive  tests  over  7  to  8  years.  Psychol  Med. 
2000;  30:981-985.  [PubMed:  11037106] 

24.  Jorm  AF,  Scott  R,  Cullen  JS,  MacKinnon  AJ.  Performance  of  the  Informant  Questionnaire  on 
Cognitive  Decline  in  the  Elderly  (IQCODE)  as  a  screening  test  for  dementia.  Psychol  Med.  1991; 
21:785-790.  [PubMed:  1946866] 

25.  Nandi  A,  Glymour  MM,  Subramanian  SV.  Association  among  socioeconomic  status,  health 
behaviors,  and  all-cause  mortality  in  the  United  States.  Epidemiology.  2014;  25:170-177. 
[PubMed:  24487200] 

26.  Huber.  P.  Proceedings  of  the  Fifth  Berkeley  Symposium  on  Mathematical  Statistics  and 
Probability.  LeCam,  L.;  Neyman,  J.,  editors.  University  of  California  Press;  1967.  p.  221-233. 

27.  Hernan  MA,  Brumback  B.  Robins  JM.  Marginal  structural  models  to  estimate  the  causal  effect  of 
zidovudine  on  the  survival  of  HIV-positive  men.  Epidemiology.  2000;  11:561-570.  [PubMed: 
10955409] 

28.  Schillerstrom  JE,  Royall  DR,  Palmer  RF.  Depression,  disability  and  intermediate  pathways:  a 
review  of  longitudinal  studies  in  elders.  J  Geriatr  Psychiatry  Neurol.  2008;  21:183-197.  [PubMed: 
18838741] 

29.  Oslin  DW.  Alcohol  use  in  late  life:  disability  and  comorbidity.  J  Geriatr  Psychiatry  Neurol.  2000; 
13:134-140.  [PubMed:  11001136] 

30.  Park,  DC.  Psychological  issues  related  to  competence:  cognitive  aging  and  instrumental  activities 
of  daily  living.  In:  Willis,  SL.;  Schaie,  KW.;  Hayward,  M.,  editors.  Societal  Mechanisms  for 
Maintaining  Competence  in  Old  Age.  Springer;  New  York:  1997.  p.  66-80. 

31.  Blankevoort  CG,  van  Heuvelen  MJ,  Boersma  F,  Luning  H,  de  Jong  J,  Scherder  EJ.  Review  of 
effects  of  physical  activity  on  strength,  balance,  mobility  and  ADL  performance  in  elderly  subjects 
with  dementia.  Dement  Geriatr  Cogn  Disord.  2010;  30:392-402.  [PubMed:  20980758] 

32.  Potter  R,  Ellard  D,  Rees  K,  Thorogood  M.  A  systematic  review  of  the  effects  of  physical  activity 
on  physical  functioning,  quality  of  life  and  depression  in  older  people  with  dementia.  Int  J  Geriatr 
Psychiatry.  2011;  26:1000-1011.  [PubMed:  21905096] 

33.  Heyn  P,  Abreu  BC,  Ottenbacher  KJ.  The  effects  of  exercise  training  on  elderly  persons  with 
cognitive  impairment  and  dementia:  a  meta-analysis.  Arch  Phys  Med  Rehabil.  2004;  85:1694- 
1704.  [PubMed:  15468033] 

34.  Boyle  PA,  Buchman  AS,  Wilson  RS,  Bienias  JL,  Bennett  DA.  Physical  activity  is  associated  with 
incident  disability  in  community-based  older  persons.  J  Am  Geriatr  Soc.  2007;  55:195-201. 
[PubMed:  17302655] 

35.  Mace,  NL.;  Rabins,  PV.  THe  36-Hour  Day:  a  family  guide  to  caring  for  people  who  have 
Alzheimer’s  disease,  related  dementias,  and  memory  loss.  The  Johns  Hopkins  University  Press; 
Baltimore,  MD:  2011. 

36.  Plassman  BL,  Langa  KM,  Fisher  GG,  Heeringa  SG,  Weir  DR,  Ofstedal  MB,  Burke  JR,  Hurd  MD, 
Potter  GG,  Rodgers  WL,  Steffens  DC,  Willis  RJ,  Wallace  RB.  Prevalence  of  dementia  in  the 
United  States:  the  aging,  demographics,  and  memory  study.  Neuroepidemiology.  2007;  29:125- 
132.  [PubMed:  17975326] 

37.  Xie  J,  Brayne  C,  Matthews  FE,  Medical  Research  Council  Cognitive  F,  Ageing  Study  c.  Survival 
times  in  people  with  dementia:  analysis  from  population  based  cohort  study  with  14  year  follow¬ 
up.  BMJ.  2008;  336:258-262.  [PubMed:  18187696] 

38.  Houston  DK,  Stevens  J,  Cai  J,  Haines  PS.  Dairy,  fruit,  and  vegetable  intakes  and  functional 
limitations  and  disability  in  a  biracial  cohort:  the  Atherosclerosis  Risk  in  Communities  Study.  Am 
J  Clin  Nutr.  2005;  81:515-522.  [PubMed:  15699243] 

39.  Feart  C,  Peres  K.  Samieri  C,  Letenneur  L,  Dartigues  JF,  Barberger-Gateau  P.  Adherence  to  a 
Mediterranean  diet  and  onset  of  disability  in  older  persons.  Eur  J  Epidemiol.  2011;  26:747-756. 
[PubMed:  21874560] 

40.  James  BD,  Boyle  PA.  Buchman  AS,  Bennett  DA.  Relation  of  late-life  social  activity  with  incident 
disability  among  community-dwelling  older  adults.  J  Gerontol  A  Biol  Sci  Med  Sci.  2011;  66:467- 
473.  [PubMed:  21300745] 


J  Alzheimers  Dis.  Author  manuscript;  available  in  PMC  2016  January  01. 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


Rist  et  al. 


Page  12 


0.5 


0.45 

.1  04 

*3 

ro 

1 0.35 
9  0.3 

°0.25 

0) 

-Q 

I  0.2 

c 

*0.15 

u 

a  o.i 


0.05 


0 


(a)  Predicted  Number  of  IADL  Limitations  by 
Physical  Activity  and  Dementia  Probability 
p=o.oo7  Category 


0.39 


High  dementia  Moderate  dementia  Mild  dementia  Low  dementia 

probability  probability  probability  probability 


Dementia  Probability  Category  and  Modifer  Status 


J  Alzheimers  Dis.  Author  manuscript;  available  in  PMC  2016  January  01. 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


Rist  et  al. 


Page  13 


0.5 

0.45 

V> 

.1  0.4 

fB 

'1 0.35 

I  0.3 

*2  0.25 
<u 

-Q 

i  02 

c 

JS  0.15 

«;  0.1 

Q. 

0.05 

0 


(b)  Predicted  Number  of  IADL  Limitations  by 
Alcohol  Consumption  and  Dementia  Probability 

Category 


P=0.34 


0.19 


( - 

0.17 


P=0.74 

A 


0.10 


I 


0.13 


o 


High  dementia 
probability 


Moderate  dementia  Mild  dementia  Low  dementia 

probability  probability  probability 

Dementia  Probability  Category  and  Modifer  Status 


J  Alzheimers  Dis.  Author  manuscript;  available  in  PMC  2016  January  01. 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


Rist  et  al. 


Page  14 


0.5 
0.45 
|  0.4 

O 

0.35 

I  0.3 
°0.25 

<D 

-Q 

i  02 

c 

S0.15 

u 

~a 

a  o.i 

Q_ 

0.05 

0 


(c)  Predicted  Number  of  IADL  Limitations  by 
Smoking  and  Dementia  Probability  Category 

P=0.80 


03& 


3 


o 

7T 


High  dementia 
probability 


Moderate  dementia 
probability 


Mild  dementia 
probability 


Low  dementia 
probability 


Dementia  Probability  Category  and  Modifer  Status 


J  Alzheimers  Dis.  Author  manuscript;  available  in  PMC  2016  January  01. 


NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript  NIH-PA  Author  Manuscript 


Rist  et  al. 


Page  15 


O.S 

0.45 

</> 

|  0.4 
'5 

'g  0.35 

2  0.3 

*2  0.25 
01 
-Q 

1  °-2 

c 

ao.is 

u 

T3 

2  0.1 

o. 

0.05 

0 


(d)  Predicted  Number  of  IADL  Limitations  by 
Depression  and  Dementia  Probability  Category 


0.35 


P=0.25 

x 


0.18 


0.14 

HI 


0.12 


0.21 


o 

o 


T3 

O 


o 

n 


High  dementia 
probability 


Moderate  dementia 
probability 


Mild  dementia 
probability 


o 

n 


Low  dementia 
probability 


Dementia  Probability  Category  and  Modifer  Status 


Figure  1. 

Predicted  number  of  incident  IADL  limitation  per  wave,  by  modifier  and  dementia 
probability  category,  with  statistical  significance  tests  for  differences  in  absolute  effects  for 
those  in  the  highest  and  lowest  dementia  probability  categories. 

Legend:  IADL  limitations  were  assessed  each  wave  (every  two  years).  We  adjusted  for  the 
following  potential  time-constant  confounders:  age,  age  squared,  sex,  race,  southern 
birthplace,  education,  mother’s  and  father’s  educations,  and  height.  Additionally,  we 
adjusted  for  the  following  time-varying  confounders  using  an  inverse  probability  weighting 
approach:  marital  status,  log  of  household  size-adjusted  wealth,  body  mass  index,  a 
summary  score  of  self-reported  comorbidities,  and  our  modifiers. 
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Table  1 

Baseline  characteristics  of  those  included  in  the  analysis  of  dementia  probability  category  and  any  incident 
IADL  limitation  by  dementia  probability  category  at  baseline. 


Characteristic 

Dementia  Probability  Category  at  Baseline 

High  Dementia 
Probability 
(N=  1305) 

Moderate  Dementia 
Probability 
(N=  1304) 

Mild  Dementia 
Probability 
(N=  1305) 

Low  Dementia 
Probability 
(N=  1305) 

Age  (mean,  std) 

76.5  (6.4) 

72.6  (5.5) 

72.0  (5.2) 

70.2  (4.6) 

Gender  (%  male) 

55.5 

56.2 

33.4 

23.4 

Race  (%  black) 

14.8 

8.8 

8.5 

6.3 

Southern  birthplace  (%) 

15.9 

14.0 

12.3 

10.7 

Years  of  education  (mean,  std) 

11.2(3.2) 

12.5  (2.7) 

12.8  (2.6) 

13.4  (2.4) 

Mother  had  >8  years  of  education  (%) 

43.1 

50.8 

55.1 

58.0 

Father  had  >8  years  of  education  (%) 

38.2 

43.8 

45.9 

49.6 

Marital  status 

Married  (%) 

57.4 

68.9 

64.5 

64.2 

Divorced/separated  (%) 

5.4 

5.4 

5.8 

8.2 

Widowed  (%) 

34.0 

21.7 

25.9 

24.4 

Never  married  (%) 

3.1 

4.0 

3.8 

3.1 

Physically  inactive  (%) 

63.0 

54.5 

51.3 

48.1 

Not  drinking  (%) 

77.7 

71.2 

70.0 

69.4 

Current  smoking  (%) 

7.6 

8.4 

9.7 

9.6 

Current  depression  (%) 

13.6 

11.4 

8.8 

8.1 

Low  household-size  adjusted  income  (%) 

30.5 

18.1 

15.3 

14.4 

Body  mass  index  (mean,  std) 

26.0  (4.2) 

26.5  (4.2) 

26.6  (4.8) 

26.2  (4.5) 

Number  of  comorbidities  (mean,  std) 

1.7  (1.2) 

1.6  (1.2) 

1.6  (1.2) 

1.4  (1.1) 
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Table  3 

Association  between  dementia  probability  category  and  incident  IADL  limitations  including  interactions 
between  dementia  probability  and  individual  health  factors. 


OR 

95% 

Cl 

p-value 

Physical  Activity 

No  Physical  Activity 

1.60 

1.16 

2.19 

<0.01 

Low  dementia  probability 

0.21 

0.12 

0.38 

<0.01 

Low  dementia  probability  *No  Physical  activity 

2.28 

1.05 

4.93 

0.04 

Mild  dementia  probability 

0.36 

0.21 

0.62 

<0.01 

Mild  dementia  probability  *No  Physical  activity 

0.94 

0.50 

1.74 

0.83 

Moderate  dementia  probability 

0.83 

0.54 

1.29 

0.41 

Moderate  dementia  probability  *No  Physical  activity 

0.57 

0.34 

0.96 

0.03 

Drinking 

Not  Drinking 

1.22 

0.79 

1.88 

0.39 

Low  dementia  probability 

0.57 

0.16 

2.01 

0.38 

Low  dementia  probability  *Not  Drinking 

0.65 

0.17 

2.48 

0.53 

Mild  dementia  probability 

0.66 

0.32 

1.34 

0.25 

Mild  dementia  probability  *Not  Drinking 

0.44 

0.21 

0.93 

0.03 

Moderate  dementia  probability 

0.45 

0.25 

0.82 

<0.01 

Moderate  dementia  probability  *Not  Drinking 

1.06 

0.57 

1.97 

0.85 

Smoking 

Smoking 

1.00 

0.36 

2.74 

0.79 

Low  dementia  probability 

0.40 

0.24 

0.68 

<0.01 

Low  dementia  probability  *Smoking 

2.24 

0.33 

15.01 

0.41 

Mild  dementia  probability 

0.31 

0.24 

0.40 

<0.01 

Mild  dementia  probability  *Smoking 

1.44 

0.37 

5.61 

0.60 

Moderate  dementia  probability 

0.52 

0.42 

0.53 

<0.01 

Moderate  dementia  probability  *Smoking 

0.50 

0.11 

2.38 

0.39 

Depression 

Depression 

1.08 

0.79 

1.47 

0.63 

Low  dementia  probability 

0.37 

0.24 

0.58 

<0.01 

Low  dementia  probability  *Depression 

1.53 

0.70 

2.77 

0.28 

Mild  dementia  probability 

0.36 

0.27 

0.48 

<0.01 

Mild  dementia  probability  *Depression 

1.06 

0.41 

2.77 

0.90 

Moderate  dementia  probability 

0.54 

0.41 

0.71 

<0.01 

Moderate  dementia  probability  ^Depression 

1.81 

1.03 

3.17 

0.04 

Note:  The  reference  group  for  all  analyses  presented  above  is  the  highest  dementia  probability  group.  Therefore,  the  OR  for  each  modifier  (e.g.,  no 
physical  activity,  smoking)  provides  the  estimated  effect  of  that  modifier  among  individuals  in  the  highest  dementia  probability  group.  The 
asterisks  indicate  coefficients  for  the  interaction  term  between  the  dementia  probability  group  and  the  modifier. 
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Background:  Strategies  to  prevent  or  delay  nursing  home  admission  in  individuals  with  cognitive 
impairment  are  urgently  needed.  We  hypothesized  that  physical  inactivity,  not  consuming  alcohol  (as 
opposed  to  moderate  alcohol  use),  and  having  a  history  of  smoking  predict  nursing  home  admission 
among  individuals  with  normal  cognitive  function,  but  these  behavioral  factors  would  have  attenuated 
associations  with  nursing  home  admission  among  individuals  with  impaired  cognition. 

Methods:  We  performed  a  prospective  cohort  study  among  7631  Health  and  Retirement  Study 
participants  aged  65+  at  baseline.  Baseline  dementia  risk  (high  versus  low,  based  on  brief  psychometric 
assessments  and  proxy  reports)  and  modifiable  risk  factors  (physical  inactivity,  ever  smoking,  and  not 
consuming  alcohol)  were  used  to  predict  nursing  home  admission  in  pooled  logistic  regression  models. 
We  evaluated  whether  estimated  effects  of  modifiable  factors  varied  by  dementia  risk,  comparing  both 
relative  and  absolute  effects  using  interaction  terms  between  dementia  risk  and  each  modifiable  risk 
factor. 

Results:  Low  dementia  probability  was  associated  with  lower  nursing  home  admission  risk  (RR  =  0.49; 
95%  Cl:  0.41,0.59).  Physical  inactivity  (RR  =  1.27;  95%  Cl:  1.15,1.41),  ever  smoking  (RR=  1.12;  95%  Cl:  1.01, 
1.25),  and  not  consuming  alcohol  (RR=  1.28;  95%  Cl:  1.13, 1.45)  predicted  increased  relative  risk  of  nursing 
home  admission  regardless  of  cognitive  status.  The  relative  effects  of  modifiable  risk  factors  were  similar 
for  those  with  low  and  high  dementia  risk. 

Conclusion:  Although  cognitive  impairment  associated  with  incipient  dementia  strongly  predicts  nursing 
home  admission,  this  risk  can  be  partially  ameliorated  with  modifiable  risk  factors  such  as  physical 
activity. 

©  2016  Elsevier  Ireland  Ltd.  All  rights  reserved. 


1.  Introduction 

Spending  on  nursing  home  care  in  the  United  Stated  is  projected 
to  exceed  $167  billion  in  2015  (Keehan  et  al„  2015).  In  addition  to 
its  high  cost,  placement  in  a  nursing  home  has  been  associated 
with  many  adverse  outcomes  including  questionable  quality  of 
care  for  the  patient  and  emotional  distress  for  the  caregiver 
(Institute  of  Medicine  (U.S.).  Committee  on  Improving  Quality  in 
Long-Term  Care,  Wunderlich,  &  Kohler,  2001 ;  Kane,  2001 ;  Schulz 
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et  al.,  2004).  The  vast  majority  of  elderly  individuals  would  prefer 
to  remain  in  their  homes  as  they  age  (National  Council  on  Aging, 
2012).  The  combination  of  high  costs,  negative  health  outcomes, 
and  consideration  of  preferences  to  “age  in  place”  has  resulted  in 
efforts  to  identify  factors  associated  with  nursing  home  placement 
with  the  hope  of  developing  interventions  to  delay  nursing  home 
placement.  Cognitive  impairment  strongly  predicts  risk  of  nursing 
home  admission  (Gaugler,  Duval,  Anderson,  &  Kane,  2007;  Luppa 
et  al.,  2010),  more  than  doubling  the  risk  of  nursing  home 
admission  according  to  a  large  meta-analysis  (Gaugler  et  al.,  2007). 
Given  the  strong  association  between  cognitive  function  and  risk  of 
nursing  home  admission,  there  is  a  growing  interest  in  finding 
factors  which  may  delay  nursing  home  placement  even  among 
those  with  cognitive  impairment. 
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Prior  research  among  dementia  patients  has  focused  mostly  on 
demographics,  co-morbidities,  depressive  symptoms,  presence  of 
functional  limitations,  and  caregiver  characteristics  as  potential 
predictors  of  nursing  home  placement  ( Luppa,  Luck,  Brahler,  Konig,  & 
Riedel-Heller,  2008).  Evidence  for  other  modifiable  behaviors,  such 
as  alcohol  consumption,  smoking,  or  physical  activity  is  limited. 
Studies  in  the  general  population  suggest  that  smoking  status  and 
alcohol  consumption  influence  the  risk  of  nursing  home  admission 
(Deng  et  al.,  2006;  Kaplan  et  al.,  2014;  McCallum,  Simons,  Simons,  & 
Friedlander,  2007;  Valiyeva,  Russell,  Miller,  &  Safford,  2006;  Wang, 
Mitchell,  Smith,  Cumming,  &  Leeder,  2001 ;  Warner,  McCammon, 
Fries,  &  Langa,  2013).  For  example,  although  high  levels  of  alcohol 
consumption  is  harmful  to  health  (Stahre,  Roeber,  Kanny,  Brewer,  & 
Zhang,  2014),  some  studies  have  observed  that  moderate  alcohol 
consumption  is  associated  with  a  reduction  in  the  risk  of  nursing 
home  placement  (Kaplan  et  al.,  2014;  McCallum  et  al.,  2007).  One 
study  showed  that  this  association  persisted  even  after  adjusting  for 
socioeconomic  factors  (Kaplan  et  al.,  2014).  Physical  function  affects 
nursing  home  admission  independent  of  cognitive  function  (Luppa 
et  al.,  2010),  so  smoking  status  and  alcohol  consumption  may  also 
impact  the  risk  of  nursing  home  admission  among  those  with 
cognitive  impairment  through  their  impacts  on  physical  functioning. 
Evidence  for  the  effect  of  physical  activity  on  the  risk  of  nursing  home 
placement  in  either  the  cognitively  normal  or  the  cognitively 
impaired  is  much  more  limited.  Although  low  physical  activity  levels 
predict  functional  limitations  in  the  general  population  (Stuck  et  al., 
1999)  and  among  those  with  cognitive  impairment  (Blankevoort 
et  al.,  2010)  and  functional  limitations  are  strongly  associated  with 
the  risk  of  nursing  home  placement  in  both  the  general  population 
and  among  those  with  dementia  (Gaugler  et  al.,  2007;  Gaugler,  Yu, 
Krichbaum,  &  Wyman,  2009),  evidence  for  the  effect  of  physical 
activity  on  nursing  home  admission  risk  in  the  general  population  is 
mixed.  Studies  among  those  with  cognitive  impairment  or  dementia 
have  often  focused  on  the  effect  of  exercise  training  on  fitness, 
physical  function,  cognitive  function  and  positive  behavior  (Heyn, 
Abreu,  &  Ottenbacher,  2004),  but  have  not  assessed  the  effect  of 
physical  activity  on  the  risk  of  institutionalization. 

Although  there  are  no  effective  treatments  to  cure  dementia, 
physical  activity,  smoking,  and  alcohol  consumption  can  all  be 
modified,  and  accurate  information  about  the  likely  impact  of  such 
behaviors  on  nursing  home  risk  is  important  for  patients, 
caregivers,  and  clinicians.  These  modifiable  risk  factors  may 
provide  opportunities  to  reduce  the  risk  of  institutionalization 
even  among  those  with  cognitive  impairment.  On  the  other  hand, 
cognitive  impairment  may  so  dramatically  increase  nursing  home 
admission  that  none  of  the  modifiable  factors  are  relevant.  In  other 
words,  among  individuals  with  cognitive  impairment,  no  other 
factors  may  offset  or  exacerbate  risk.  Distinguishing  these 
possibilities  will  help  design  and  target  effective  interventions 
to  reduce  or  delay  nursing  home  admissions. 

Using  data  from  the  Health  and  Retirement  Study  (HRS),  we 
examined  the  effect  of  cognitive  status  and  modifiable  risk  factors 
on  the  risk  of  nursing  home  admissions.  We  also  evaluated 
interactions  between  cognitive  status  and  each  risk  factor  to 
determine  if  the  relative  or  absolute  impact  of  each  modifiable 
factor  differs  based  on  the  individual’s  cognitive  status.  We 
hypothesized  that  physical  inactivity,  not  consuming  alcohol,  and 
ever  smoking  would  predict  an  increase  in  risk  of  nursing  home 
admission  among  individuals  with  normal  cognitive  function,  but 
effects  of  these  risk  factors  would  be  attenuated  in  both  relative 
and  absolute  terms  among  individuals  with  impaired  cognition. 

2.  Methods 

Briefly,  the  HRS  is  a  nationally  representative  cohort  of 
Americans  aged  50  years  or  older  and  their  spouses  (Heeringa, 


1995;  Juster  &  Suzman,  1995).  These  analyses  were  restricted  to 
those  participants  who  were  aged  65  years  or  older  in  2000  because 
cognitive  assessments  were  performed  biennially  only  for  those 
aged  65  years  or  older. 

HRS  was  approved  by  the  University  of  Michigan  Health 
Sciences  Human  Subjects  Committee. 

2.1.  Outcomes  assessment 

Our  primary  outcome  was  a  binary  indicator  of  first  self- 
reported  nursing  home  admission  defined  as  a  facility  which 
provides  all  of  the  following  services  for  its  residents :  dispensing  of 
medications,  24-h  nursing  assistance  and  supervision,  personal 
assistance,  room  and  meals.  In  the  case  of  decedents  or  other 
participants  who  are  not  able  to  respond,  information  on  nursing 
home  admission  was  provided  by  proxy  informants  (typically  a 
spouse  or  other  close  family  member).  For  respondents  who  were 
alive  at  the  time  of  the  interview,  using  data  from  RAND  (St.  Clair 
et  al„  2010),  we  determined  whether  the  participant  or  their  proxy 
reported  any  nursing  home  stay  since  the  previous  interview  wave 
(i.e.  in  the  past  two  years)  or  if  the  respondent  or  their  proxy 
reported  currently  living  in  a  nursing  home  or  other  health  care 
facility  at  the  time  of  the  interview.  For  respondents  who  were  not 
alive  at  the  time  of  the  interview,  we  used  information  from  the 
HRS  Exit  interviews  with  proxy  respondents  to  determine  if  the 
respondent  was  living  in  a  nursing  home  at  the  time  of  his  or  her 
death.  Individuals  who  reported  nursing  home  stays  or  currently 
living  in  a  nursing  home  in  1998  or  2000  were  excluded  from  all 
analyses.  We  assessed  outcomes  through  the  2012  interview  wave. 

2.2.  Cognitive  assessment 

Our  measure  of  cognitive  impairment  was  imputed  dementia 
probability  score  which  has  been  described  in  detail  previously 
(Wu  et  al.,  2013).  Briefly,  direct  and  proxy-assessed  cognition  were 
calibrated  against  dementia  diagnoses  according  to  DSM-III-R  and 
DSM-IV  criteria  in  a  sub-sample  of  HRS  participants  (C  statistic  = 
94.3%).  The  theoretical  range  of  the  imputed  score  was  from  0  (no 
chance  this  person  has  dementia)  to  1  (individual  certain  to  have 
dementia)  with  an  actual  range  of  0.51  x  10~13  to  0.99  for  the 
individuals  included  in  these  analyses.  We  divided  dementia 
probability  score  at  each  wave  into  two  categories  (high  and  low 
dementia  probability)  based  on  the  90th  percentile  of  the 
dementia  probability  in  2000  (90th  percentile  of  dementia 
probability  =  0.197).  Those  below  the  cutpoint  were  used  as  the 
reference  group  for  all  analyses  (they  represent  “normal”  cognitive 
function).  Imputed  dementia  probabilities  were  not  available  for 
Hispanics  so  they  were  excluded  from  these  analyses. 

2.3.  Risk  factors  for  nursing  home  admission 

The  risk  factors  considered  in  this  analysis  were  physical 
inactivity,  not  consuming  alcohol,  and  ever  smoking.  We  slightly 
modified  the  RAND  version  (St.  Clair  et  al.,  2010)  of  these  variables 
to  create  dichotomous  variables  consistent  with  our  previous  work 
(Nandi,  Glymour,  &  Subramanian,  2014;  Rist,  Capistrant,  Wu, 
Marden,  &  Glymour,  2014).  We  dichotomized  physical  activity  as 
active  (vigorous  activity  3  or  more  times  per  week)  versus  inactive 
(vigorous  activity  less  than  3  times  per  week).  We  classified  alcohol 
consumption  as  heavy  drinking  (>2  drinks/day),  moderate 
drinking  (more  than  zero  and  fewer  than  two  drinks  per  day), 
and  not  drinking  (reference).  To  calculate  drinks  per  day,  the 
number  of  drinks  consumed  on  days  the  participant  drinks  was 
multiplied  by  the  number  of  days  per  week  the  participant 
reported  drinking  and  the  result  was  divided  by  seven.  Ever 
smoking  status  was  a  binary  variable  (yes/no).  We  used  values  of 
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the  exposure  variables  as  reported  in  2000,  or,  when  values  for  the 
2000  wave  were  missing  (n=  15),  in  1998. 

2.4.  Covariates 

In  addition  to  including  dichotomized  dementia  probability, 
physical  activity,  alcohol  consumption,  and  smoking  status,  all 
analyses  were  adjusted  for  demographics,  socioeconomic  status, 
and  comorbidities.  All  of  these  potential  confounders  were 
assessed  in  1998  prior  to  assessment  of  dementia  probability 
and  our  risk  factors  and  included:  age  (centered,  continuous), 
centered  age  squared  (continuous),  gender,  race  (black  versus 
other),  southern  birthplace,  years  of  education  (linear  spline  model 
with  discontinuities  at  completion  of  high  school  and  completion 
of  college  plus  an  indicator  variable  for  General  Education 
Development  (GED)  completion),  mother’s  and  father’s  education 
(<8  years,  >8  years),  height  (gender-specific  baseline  quartiles),  log 
of  household  size-adjusted  wealth  (continuous),  body  mass  index 
(<25kg/m2  (reference),  25  to  <30  kg/m2,  >30  kg/m2),  self- 
reported  comorbidities  (high  blood  pressure,  diabetes,  cancer, 
lung  disease,  heart  disease,  stroke,  psychiatric  problems,  and 
arthritis),  marital  status  (married,  widowed,  divorced  or  never 
married),  depressive  symptoms  (<3  versus  >3  depressive  symp¬ 
toms  in  the  past  two  weeks  using  a  modified  8-item  Centers  for 
Epidemiologic  Studies-Depression  scale),  any  limitation  (yes/no)  in 
five  ADLs  (getting  across  a  room,  dressing,  bathing,  eating,  and 
getting  in  and  out  of  bed),  any  limitation  (yes/no)  in  five  IADLs 
(using  a  phone,  managing  money,  taking  medication,  shopping  for 
groceries,  and  preparing  hot  meals)  and  interview  wave.  Partic¬ 
ipants  missing  any  covariate  in  1998  (N  =  804)  were  excluded  from 
all  analyses. 

2.5.  Statistical  analysis 

We  used  pooled  logistic  regression  models  to  calculate  odds 
ratios  (ORs),  which,  with  rare  outcomes,  approximate  hazard  ratios 
in  continuous  time  survival  analysis.  Participants  were  censored  at 
last  interview,  death,  or  first  admission  to  a  nursing  home. 

First  we  explored  the  association  between  our  risk  factors  and 
nursing  home  admission  and  included  dichotomous  dementia 
probability  category  (high  versus  low)  as  a  covariate  in  these 
models.  We  also  included  the  demographic,  socioeconomic,  and 
comorbidity  variables  listed  above.  Next,  we  used  two  different 


approaches  to  determine  if  cognitive  impairment  modified  the 
association  between  the  risk  factors  and  nursing  home  admission 
risk.  In  the  first  approach,  we  included  an  interaction  term 
between  dementia  probability  category  and  each  risk  factor  (in 
separate  models  for  physical  activity,  alcohol  consumption,  and 
smoking)  to  determine  if  the  risk  factor  had  a  different  relative 
effect  on  nursing  home  admission  risk  depending  upon  the 
participant’s  dementia  category.  The  models  also  included  the 
dichotomous  dementia  probability  category,  the  remaining  risk 
factors  (without  interaction  terms  between  those  risk  factors  and 
dementia  category),  and  the  demographic,  socioeconomic,  and 
comorbidity  variables  listed  earlier.  In  the  second  approach,  we 
calculated  the  marginal  probability  of  nursing  home  admission 
according  to  risk  factor  status  and  dementia  category.  This  allowed 
us  to  compare  the  absolute  effects  of  both  the  “beneficial”  and 
“adverse”  value  of  each  risk  factor  on  nursing  home  admission 
probability  by  dementia  category. 

3.  Results 

In  2000,  HRS  included  9524  individuals  aged  65  or  older  who 
were  not  Hispanic.  We  excluded  the  569  participants  who  reported 
a  nursing  home  stay  or  living  in  a  nursing  home  in  1998  or  2000  or 
who  did  not  answer  the  questions  on  nursing  home  stays  or 
residence  in  1998  or  2000.  We  also  excluded  the  405  participants 
without  information  on  nursing  home  admission  in  the  2002  wave 
and  the  115  people  missing  information  on  dementia  probability  in 
2000.  Finally,  we  excluded  the  804  people  missing  information  on 
any  of  our  covariates  or  modifiers,  leaving  7631  participants  for  our 
analyses. 

Respondents  with  high  dementia  probability  had  a  higher 
prevalence  of  physical  inactivity,  not  consuming  alcohol,  and  ever 
smoking  than  those  with  low  dementia  probability  (Table  1). 
During  follow-up,  2353  people  reported  admission  to  a  nursing 
home  (cumulative  incidence  =  30.8%). 

Table  2  shows  the  association  between  our  risk  factors  and  low 
dementia  probability  and  risk  of  nursing  home  admission.  Those 
with  low  dementia  probability  had  roughly  half  the  risk  of  nursing 
home  admission  during  each  two-year  interview  interval  (RR  = 
0.49;  95%  Cl:  0.41,  0.59)  compared  to  those  with  high  dementia 
probability.  Physical  inactivity  compared  to  being  active  (RR=  1.27; 
95%  Cl:  1.15, 1.41),  ever  smoking  compared  to  never  smoking  (RR  = 
1.12;  95%  Cl:  1.01, 1.25),  and  not  consuming  alcohol  (RR=  1.28;  95% 


Table  1 

Characteristics  of  those  included  in  the  analysis  of  dementia  probability  category,  modifiable  risk  factor  status,  and  risk  of  nursing  home  admission  by  dementia  probability 
category  at  baseline. 


Characteristic 

High  Dementia  Probability  (N  =  763) 

Low  Dementia  Probability  (N  =  6868) 

Age  (mean,  std) 

80.3  (7.1) 

71.5  (6.2) 

Gender  (%  male) 

35.3 

42.5 

Race  (%  black) 

20.8 

10.9 

Southern  birthplace  (%) 

21.4 

14.1 

Years  of  education  (mean,  std) 

10.0  (3.8) 

12.4  (2.8) 

Mother  had  >8  years  of  education  {%) 

38.3 

51.2 

Father  had  >8  years  of  education  (%) 

35.7 

43.6 

Physically  inactive  (%) 

80.9 

56.1 

Non-drinker  (%) 

88.5 

72.6 

Heavy  drinker  (%) 

2.4 

5.3 

Ever  smoker  (%) 

50.9 

58.3 

Depressed  (%) 

23.1 

12.1 

Body  mass  index  (mean,  std) 

25.3  (4.7) 

26.5  (4.7) 

Number  of  comorbidities  (mean,  std) 

Marital  status* 

2.0  (1.3) 

1.7  (1.3) 

Married 

42.6 

65.7 

Divorced 

5.5 

7.3 

Widowed 

49.2 

24.6 

Never  married 

2.8 

2.5 
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Table  2 

Odds  ratios  for  prediction  of  nursing  home  admission  as  a  function  of  dementia  risk, 
physical  inactivity,  alcohol  use,  and  ever  smoking. 


Nursing  Home  Admission 

OR 

95% 

Cl 

Low  Dementia  Probability 

0.49 

0.41 

0.59 

Low  Physical  Activity 

1.27 

1.15 

1.41 

No  Alcohol  Consumption 

1.28 

1.13 

1.45 

Heavy  Alcohol  Consumption 

1.44 

1.13 

1.82 

Ever  Smoking 

1.12 

1.01 

1.25 

Note:  Model  is  simultaneously  adjusted  for  all  of  the  risk  factors. 


Cl:  1.13, 1.45)  or  heavy  alcohol  consumption  (RR=  1.44;  95%  Cl:  1.13, 
1.82)  compared  to  moderate  alcohol  consumption  predicted 
increased  risk  of  nursing  home  admission. 

We  next  examined  whether  these  factors  had  different  effects 
among  individuals  at  risk  of  dementia  than  among  cognitively 
normal  elders.  There  was  no  statistically  significant  interaction 
between  dementia  probability  and  physical  inactivity  (p  =  0.92), 
smoking  (p  =  0.40),  no  alcohol  consumption  (p  =  0.28)  or  heavy 
alcohol  consumption  (p  =  0.69),  indicating  that  the  relative  harm  of 
the  modifier  was  similar  for  those  with  low  and  high  dementia 
probability  (Table  3). 

Because  similar  relative  effects  may  conceal  differences  in 
absolute  effects,  we  also  estimated  the  marginal  probability  of 
nursing  home  admission  for  each  risk  factor  among  those  with 
high  and  low  dementia  probability  (Fig.  1).  Physical  activity  was 
associated  with  an  decreased  absolute  probability  of  nursing  home 
admission  for  those  with  low  dementia  probability.  However,  the 
magnitude  of  the  estimated  effect  of  physical  activity  on  the 
probability  of  nursing  home  admission  was  slightly  higher  among 
those  with  high  dementia  probability  (2.39%  point  difference)  than 
among  those  with  low  dementia  probability  (1.55%  point  differ¬ 
ence).  Never  smoking  was  not  associated  with  significantly  lower 
probability  of  nursing  home  admission  among  those  with  high 
dementia  probability;  the  estimated  absolute  effect  among  the 
high  dementia  probability  group  (2.55%  point  difference)  was 
larger  than  among  the  low  dementia  probability  (0.07%  point 
difference)  group  but  this  difference  was  not  statistically  signifi¬ 
cant.  Moderate  drinking  compared  to  not  consuming  alcohol 
predicted  lower  risk  of  nursing  home  admission  among  those  with 

Table  3 

Association  between  dementia  probability  category  and  nursing  home  admission 
including  interactions  between  dementia  probability  and  each  risk  factor. 

Nursing  Home 

Admission 


OR 

95% 

Cl 

Physical  Activity 

Low  Dementia  Probability 

0.48 

0.35 

0.67 

Low  Dementia  Probability  x  Low  Physical  Activity 

1.02 

0.70 

1.47 

Low  Physical  Activity 

1.25 

0.88 

1.78 

Alcohol  Consumption 

Low  Dementia  Probability 

0.61 

0.38 

0.98 

Low  Dementia  Probability  x  No  Alcohol  Consumption 

0.76 

0.46 

1.25 

No  Alcohol  Consumption 

1.65 

1.02 

2.66 

Low  Dementia  Probability  x  Heavy  Alcohol  Consumption 

1.25 

0.42 

3.72 

Heavy  Alcohol  Consumption 

1.17 

0.40 

3.38 

Smoking 

Low  Dementia  Probability 

0.52 

0.41 

0.67 

Low  Dementia  Probability  x  Ever  Smoking 

0.87 

0.63 

1.20 

Ever  Smoking 

1.27 

0.94 

1.72 

Note:  Models  all  include  all  of  the  other  risk  factors,  but  do  not  include  interaction 
terms  between  the  other  risk  factors  and  dementia  probability.  Interaction  terms 
test  the  null  that  the  relative  effect  of  the  risk  factor  is  the  same  for  individuals  with 
high  and  low  dementia  probability. 


low  dementia  probability  (1.40%  point  difference)  and  among 
those  with  high  dementia  probability  (4.84%  point  difference). 
Moderate  drinking  compared  to  heavy  drinking  predicted  lower 
risk  of  nursing  home  admission  among  those  with  low  dementia 
probability  (2.48%  point  difference)  but  not  among  those  with  high 
dementia  probability  (1.33%  point  difference). 

4.  Discussion 

Results  from  this  study  suggest  that  physical  activity,  moderate 
alcohol  consumption,  and  never  smoking  may  protect  against 
nursing  home  admission  risk  among  older  adults  overall  regardless 
of  cognitive  status.  The  benefits  of  physical  activity,  moderate 
alcohol  consumption  or  never  smoking  also  appear  similar  for 
individuals  at  high  risk  of  dementia  compared  to  cognitively 
normal  individuals.  Indeed  the  point  estimates  suggest  larger 
absolute  effects  among  those  with  high  risk  of  dementia.  In  these 
data,  physically  active  individuals  at  high  risk  of  dementia  had  over 
a  two  percentage  point  lower  risk  of  nursing  home  admission 
compared  to  their  sedentary  counterparts.  Similarly,  individuals  at 
high  risk  of  dementia  who  never  smoked  had  over  a  two 
percentage  point  lower  risk  of  nursing  home  admission  compared 
to  individuals  who  ever  smoked;  individuals  at  high  risk  of 
dementia  who  consume  alcohol  moderately  had  over  a  four 
percentage  point  lower  risk  of  nursing  home  admission  compared 
to  those  at  high  risk  of  dementia  who  did  not  consume  alcohol. 

Few  studies  have  directly  considered  the  interaction  between 
cognitive  status  and  individual  level  factors  like  physical  activity, 
smoking,  and  alcohol  consumption.  Smith  et  al.  found  four  factors 
which  were  associated  with  nursing  home  placement  among  those 
with  dementia,  only  one  of  which  was  associated  with  nursing 
home  placement  among  those  without  dementia.  However,  they 
did  not  provide  a  formal  statistical  comparison  of  the  risk  factors 
among  those  with  and  without  dementia  nor  did  they  consider  the 
three  modifiable  risk  factors  we  examined  in  this  study  (Smith, 
O’Brien,  Ivnik,  Kokmen,  &  Tangalos,  2001 ). 

Most  of  the  research  on  physical  activity  and  the  risk  of  nursing 
home  admission  has  been  conducted  in  general  population 
samples,  without  considering  whether  the  impact  of  physical 
activity  on  nursing  home  admission  varies  by  cognitive  status.  A 
recent  mefa-analysis  found  “moderate  evidence”  that  physical 
activity  protected  against  nursing  home  placement  in  the  general 
population  (Luppa  et  al.,  2010)  while  another  review  stated  that 
poor  health  behaviors  (including  inadequate  nutrition  and 
exercise,  smoking,  and  alcohol  consumption)  were  not  associated 
with  institutionalization  (Miller  &  Weissert,  2000).  A  more  recent 
study  further  explored  the  association  between  physical  activity 
and  nursing  home  admission  by  stratifying  their  analyses  by  age. 
They  reported  that  physical  inactivity  was  associated  with  an 
increased  risk  of  nursing  home  admissions  among  those  aged  45- 
64  years  at  baseline,  but  not  among  those  aged  65-74  at  baseline 
(Valiyeva  et  al.,  2006). 

In  our  study,  we  found  a  significant  association  of  physical 
activity  with  nursing  home  admissions  for  individuals  aged  65  or 
older  at  baseline.  Given  that  our  previous  research  in  HRS  (Rist 
et  al.,  2014;  Rist,  Maiden,  Capistrant,  Wu,  8i  Glymour,  2015)  has 
shown  protective  effects  of  physical  activity  on  functional 
limitations  for  individuals  with  and  without  cognitive  impair¬ 
ments,  we  hypothesize  that  physical  activity  may  decrease  the  risk 
of  nursing  home  placement  by  decreasing  the  risk  of  functional 
limitations.  Functional  limitations  have  been  associated  with  an 
increased  risk  of  nursing  home  placement  in  both  those  with  and 
without  dementia  (Gaugler  et  al.,  2007,  2009). 

Previous  studies  have  shown  an  association  between  current 
smoking  and  increased  risk  of  nursing  home  admission  (Valiyeva 
et  al.,  2006;  Wang  et  al.,  2001).  A  previous  study  in  HRS  observed 
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Fig.  1.  Predicted  probability  per  wave  of  nursing  home  admission  by  modifier  and  dementia  status.  Asterisks  indicate  a  statistically  significant  difference  in  the  predicted 
probability  per  wave  of  a  nursing  home  admission  for  those  with  and  without  the  modifier. 


the  highest  risk  of  nursing  home  admission  among  recent  quitters 
compared  to  never  smokers;  individuals  who  had  recently  stopped 
smoking  within  the  past  three  years  had  higher  risk  of  nursing 
home  admission  than  those  who  had  stopped  smoking  3  or  more 
years  ago  or  those  who  remained  current  smokers  (Warner  et  al., 
2013).  This  suggests  that  those  who  quit  smoking  may  do  so  in  part 
because  they  are  already  sick  (i.e.  reverse  causation)  and  highlights 
the  difficulty  with  determining  the  true  effect  of  smoking  status  on 
nursing  home  admission.  We  categorized  smoking  as  ever  smoking 
versus  never  smoking  because  most  smokers  initiate  in  late 
adolescence  or  early  adulthood,  making  it  unlikely  that  ever/never 
smoking  status  is  confounded  by  adult  illnesses.  With  this 
classification,  we  found  an  association  between  smoking  and 
nursing  home  admission  which  did  not  vary  by  dementia 
probability  status. 

Our  findings  are  consistent  with  some  prior  studies  reporting  a 
protective  effect  of  moderate  alcohol  consumption  on  the  risk  of 
nursing  home  placement  (Kaplan  et  al.,  2014;  McCallum  et  al., 
2007).  This  finding  is  important  for  considerations  of  whether 
older  adults  who  are  currently  moderate  drinkers  should  be 
encouraged  to  cease  alcohol  use.  Our  evidence  shows  no  indication 
that  alcohol  cessation  would  be  of  benefit  but  rather  suggests  non¬ 
drinkers  are  at  higher  risk  of  nursing  home  admission  than 
moderate  drinkers.  However,  our  study  did  not  consider  lifetime 
history  of  alcohol  consumption  and  we  do  not  know  if  the  non¬ 
drinkers  in  our  sample  previously  had  alcohol  problems  or  stopped 
for  health  reasons.  Further,  very  few  study  participants  were  heavy 
drinkers,  so  our  findings  provide  little  insight  into  correlates  of 
heavy  alcohol  use.  While  some  elderly  may  need  to  reduce  their 
alcohol  consumption  due  to  health  issues  or  medication  inter¬ 
actions,  the  evidence  on  moderate  alcohol  use  and  reduced  risk  of 
nursing  home  admissions  should  be  considered  when  advising 
healthy  older  adults  who  consume  alcohol  in  moderation  and  their 
families  about  behavioral  change. 

Our  study  is  observational,  and  more  rigorous  designs  will  be 
needed  to  provide  conclusive  evidence  of  causality.  Given  the 
potential  public  health  impact  of  delaying  nursing  home 


admission,  especially  in  cognitively  impaired  adults,  this  research 
is  a  priority.  An  important  limitation  of  our  study  is  the  potential 
for  misreporting  nursing  home  stays.  To  address  this,  we  used  both 
self  and  proxy  reports,  but  there  remains  the  possibility  that  some 
events  were  missed.  We  also  used  baseline  values  of  all  predictor 
variables,  which  likely  attenuated  associations.  We  chose  this 
approach  to  reduce  the  impact  of  confounders  such  as  incipient, 
undiagnosed  illness,  but  such  factors  may  nonetheless  be  relevant. 
We  did  not  have  information  on  lifetime  history  of  behaviors  and 
could  not  examine  whether  behavioral  changes  predicted  nursing 
home  admission.  We  only  examined  first  nursing  home  admission 
and  did  not  consider  the  effect  of  our  factors  on  multiple 
admissions  or  on  length  of  stay  in  a  nursing  home;  these  are 
important  outcomes  for  future  research.  Also,  we  only  considered 
three  modifiable  risk  factors.  It  is  well  recognized  that  nursing 
home  admission  is  a  complex  process  involving  interactions 
between  predisposing  factors,  such  as  demographic  factors,  social 
characteristics,  and  health  factors;  enabling  factors,  such  as 
personal,  familial,  and  community  enabling  resources;  and  need 
factors,  such  as  the  most  immediate  cause  of  health  service  use  and 
both  perceived  and  evaluated  health  status  (Andersen,  1968). 
Future  research  will  be  needed  to  determine  how  these  individual 
level  factors  and  cognitive  status  may  interact  with  other  factors, 
particularly  family-level  factors  and  caregiver  characteristics. 

Our  study  has  several  strengths  including  the  use  of  data  from  a 
large,  nationally  representative  cohort  study.  We  considered  both 
relative  and  absolute  effects,  noting  that  because  nursing  home 
admission  is  much  more  common  among  individuals  at  high  risk  of 
dementia,  a  small  relative  increase  in  risk  of  admission  may  have  a 
large  absolute  impact.  For  this  reason,  absolute  measures  are  often 
more  relevant  for  public  health  impact  evaluation  (Poole,  2010). 

In  conclusion,  we  have  shown  that  physical  inactivity,  ever 
smoking,  and  not  consuming  alcohol  predict  risk  of  nursing  home 
admission;  the  relative  effects  of  these  modifiable  risk  factors 
appeared  similar  in  those  with  low  and  high  dementia  probability. 
This  highlights  the  need  to  include  institutionalization  as  a 
potential  outcome  when  evaluating  the  effectiveness  of  physical 
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activity  interventions  because  reductions  in  nursing  home 
admissions  may  substantially  improve  the  cost-benefit  profile  of 
an  intervention.  When  examining  the  influence  of  smoking  status 
on  the  risk  of  institutionalization,  ideally  we  want  to  examine 
whether  quitting  smoking  decreases  the  risk  of  institutionaliza¬ 
tion.  However,  in  this  observational  data,  we  were  unable  to 
answer  that  question  due  to  concerns  about  individuals  quitting 
smoking  because  of  poor  health.  Future  research  using  a  different 
study  design  is  needed  to  examine  whether  quitting  smoking  may 
decrease  the  risk  of  institutionalization  independent  of  underlying 
health  status.  Finally,  alcohol  consumption  is  often  regulated  or 
discouraged  for  older  adults,  even  those  who  have  a  long-term 
history  of  moderate  drinking.  For  example,  nearly  37%  of  nursing 
homes  examined  in  a  recent  study  do  not  allow  alcohol 
consumption  for  any  residents  (Klein  &  Jess,  2002).  However,  it 
is  important  for  patients,  caregivers,  and  clinicians  to  have  accurate 
information  about  the  potential  benefits  of  moderate  alcohol 
consumption. 
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Are  self-reported  neighbourhood  characteristics 
associated  with  onset  of  functional  limitations  in 
older  adults  with  or  without  memory  impairment? 

Thu  T  Nguyen,1  Pamela  M  Rist,2'3  M  Maria  Glymour1'4 


ABSTRACT 

Background  Neighbourhood  resources  may  preserve 
functional  independence  in  older  adults,  but  little  is 
known  about  whether  benefits  differ  for  individuals  with 
normal  and  impaired  memory.  We  evaluated  the  extent 
to  which  neighbourhood  context  was  related  to  onset  of 
instrumental  and  basic  activities  of  daily  living  (l/ADL) 
limitations  and  whether  relationships  were  modified  by 
memory  impairment. 

Methods  Health  and  Retirement  Study  participants 
50+  years  of  age  without  baseline  l/ADL  limitations 
(n=8726  for  IADL  and  n=8345  for  ADL  models)  were 
interviewed  biennially  for  up  to  8  years.  Self-reported 
neighbourhood  characteristics  were  scaled  from  0  (worst) 
to  1  (best).  Memory,  assessed  by  direct  and  proxy 
cognitive  assessments,  was  dichotomised  at  the  20th 
centile.  We  used  pooled  logistic  regression  models, 
adjusted  for  demographics  and  individual  characteristics. 
Results  Low  neighbourhood  physical  disorder 
(OR=0.51  (95%  Cl:  0.37  to  0.69)),  high  social  cohesion 
(OR=0.46  (0.34  to  0.62)),  and  high  safety  (OR=0.59 
(0.46  to  0.76))  were  associated  with  reduced  incidence 
of  IADL  limitations.  These  neighbourhood  characteristics 
were  also  associated  with  lower  incidence  of  ADL 
limitations  (disorder  OR=0.59  (0.43  to  0.81));  social 
cohesion  OR=0.60  (0.45  to  0.81));  safety  OR=0.74 
(0.58  to  0.93)).  High  social  ties  were  not  related  to 
ADLs  (OR=1 .01(0.80  to  1.28))  or  lADLs  (OR=0.93(0.74 
to  1.17)).  The  benefits  of  these  neighbourhood 
characteristics  for  ADLs  were  similar  among  those  with 
and  without  memory  impairment  but  primarily  observed 
among  those  without  memory  impairment  for  lADLs. 
Conclusions  Older  adults  living  in  neighbourhoods 
with  low  physical  disorder,  high  social  cohesion  and 
high  safety  experience  lower  incidence  of  IADL  and  ADL 
limitations.  Memory  status  modified  the  estimated  effects 
of  neighbourhood  characteristics  on  IADL  but  not  ADL 
limitations. 


INTRODUCTION 

Functional  disabilities,  such  as  limitations  in  activities 
of  daily  living  (ADLs)  limitations  or  instrumental 
activities  of  daily  living  (IADLs),  are  key  determinants 
of  quality  of  life  and  institutionalisation  in  older 
adults. 1  Disability-associated  expenditures  are 
estimated  to  be  $400  billion  annually.2  One  of  the 
features  of  moderate  dementia  is  memory  loss  suffi¬ 
cient  to  be  a  serious  handicap  to  independent  living. 1 
Costs  of  healthcare  for  dementia  patients  outweigh 
costs  of  care  for  patients  with  heart  disease,  cancer, 
or  other  conditions  in  the  last  five  years  of  life,4  high¬ 
lighting  the  importance  of  identifying  opportunities 
to  delay  disability  in  individuals  at  risk  of  dementia. 


Contemporary  understanding  of  disability 
focuses  on  the  gap  between  physical  capacity  and 
contextual  demands,  a  gap  that  may  be  directly 
exacerbated  or  bridged  by  neighbourhood  factors. 
Research  on  the  influence  of  neighbourhood  level 
factors  on  disability  has  focused  on  objective  mea¬ 
sures  of  neighbourhood  quality,5  6  such  as  housing 
density  and  land-use  diversity.7  Perceived  neigh¬ 
bourhood  characteristics  may  play  an  important 
role  in  shaping  activities  or  behaviours  that  influ¬ 
ence  disability.  For  example,  performing  IADLs 
(shopping  for  groceries,  preparing  hot  meals,  man¬ 
aging  money,  taking  medications)  may  require 
accessing  resources  in  one’s  community.  Concerns 
about  safety  or  perceived  high  neighbourhood 
physical  disorder  can  inhibit  performing  these 
IADLs,  regardless  of  the  objective  characteristics  of 
the  neighbourhood. 

The  potential  impact  on  neighbourhood  context 
is  even  more  important  for  individuals  with  pro¬ 
dromal  dementia  or  subtle  cognitive  impairments. 
Individuals  may  live  for  years  or  decades  with  mild 
to  severe  memory  impairment,8  and  they  are  at 
high  risk  of  incident  functional  disability.  Thus,  it  is 
imperative  to  identify  resources  that  help 
individuals  with  memory  impairment  maintain 
independence  for  as  long  as  possible.  Previous 
work  on  neighbourhood  resources  that  promote 
functional  independence  have  not  evaluated 
whether  these  resources  also  benefit  older  adults 
with  memory  impairment.  With  increasing  age  and 
declining  health,  people  are  likely  to  spend  greater 
amounts  of  time  within  their  neighbourhood  of 
residence.4  10  The  home  and  neighbourhood 
become  the  main  environmental  contexts  for  older 
adults,  superseding  other  settings  such  as  the  work¬ 
place.  In  addition,  few  studies  have  examined 
neighbourhood  characteristics  and  functional 
limitations  in  a  national  sample.  It  is  important  to 
evaluate  whether  associations  between  neighbour¬ 
hood  resources  and  disability  can  be  replicated  in  a 
national  sample  reflecting  the  diversity  of  US 
older  adults. 

In  this  paper,  we  aimed  to  evaluate  the  influence 
of  perceived  neighbourhood  disorder,  neighbour¬ 
hood  safety,  social  cohesion  and  social  ties  on  inci¬ 
dent  functional  limitations  in  older  adults  and 
assess  whether  the  impact  of  these  neighbourhood 
level  factors  differ  for  people  with  memory  impair¬ 
ment.  We  hypothesised  that  low  physical  disorder, 
high  safety,  social  cohesion  and  social  ties  would  be 
inversely  associated  with  functional  limitations  but 
that  the  benefits  would  be  greater  for  those  without 
memory  impairment. 
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METHODS 

Sample 

The  Health  and  Retirement  Study  (HRS)  is  a  nationally  repre¬ 
sentative  longitudinal  study  of  US  adults  aged  50  and  over  and 
their  spouses.  We  restricted  our  analyses  to  participants  with 
available  information  on  neighbourhood  level  variables, 
memory  function,  covariates,  and  IADL  and  ADL  limitations. 
HRS  was  approved  by  the  University  of  Michigan  Health 
Sciences  Human  Subjects  Committee.  These  analyses  were 
determined  to  be  exempt  by  the  University  of  California, 
San  Francisco  Institutional  Review  Board. 

Beginning  in  2006,  questions  assessing  neighbourhood  phys¬ 
ical  disorder  and  social  cohesion  were  posited  in  each  biennial 
wave  to  a  rotating,  random  sample  of  50%  of  the  core  partici¬ 
pants  selected  as  part  of  enhanced  face  to  face  interviews.  This 
study  uses  2006  and  2008  neighbourhood  data.  Neighbourhood 
variables  assessing  safety  and  social  ties  were  asked  of  all  the 
core  participants  in  every  biennial  wave,  but  to  be  consistent 
with  the  timing  of  the  neighbourhood  measures  above,  we  used 
data  on  safety  and  social  ties  from  the  same  wave  in  which  phys¬ 
ical  disorder  and  social  cohesion  were  assessed.  For  participants 
with  neighbourhood  data  in  2006,  outcome  data  from  2008, 
2010  and  2012  were  used  for  follow-up.  For  participants  with 
data  in  2008,  we  used  outcome  data  from  2010  and  2012. 

Self-reported  neighbourhood  characteristics 

We  investigated  four  community-level  factors:  neighbourhood 
physical  disorder,  neighbourhood  social  cohesion,  neighbour¬ 
hood  safety,  and  neighbourhood  social  ties.  Participants  were 
asked  to  assess  neighbourhood  physical  disorder  by  the  presence 
of  vandalism/graffiti,  vacant  or  deserted  houses,  cleanliness  of  the 
area,  and  whether  respondents  would  be  afraid  walking  home  at 
night.  The  social  cohesion  scale  measured  feelings  of  trust, 
feeling  part  of  the  area,  and  whether  respondents  think  people 
are  friendly  or  would  help  them  if  they  were  in  trouble.  All  four 
items  in  the  physical  disorder  and  social  cohesion  scales  used  a 
seven-point  Likert  scale.  Summary  scores  were  created  by  taking 
the  average  of  the  items,  resulting  in  scores  with  a  theoretical 
range  from  1  to  7  with  higher  scores  representing  higher  social 
cohesion  or  greater  physical  disorder. 1 1  Physical  disorder  scores 
were  reverse  coded  by  subtracting  8  from  the  original  scores  so 
that  higher  scores  represent  lower  physical  disorder.  Scores  were 
set  to  missing  if  more  than  two  items  were  missing.  The  physical 
disorder  and  social  cohesion  scales  were  then  linearly  trans¬ 
formed  to  match  the  0-1  range  of  the  other  neighbourhood  vari¬ 
ables  (see  below)  by  subtracting  1  from  the  original  scores  and 
dividing  by  6.  The  physical  disorder  and  social  cohesion  scales 
have  good  internal  consistency  reliability  with  Cronbach’s  as  of 
0.81  for  physical  disorder  and  0.85  for  social  cohesion.  To  assess 
neighbourhood  safety,  respondents  were  asked  how  they  would 
rate  the  safety  of  their  neighbourhood  with  response  options 
being  excellent,  very  good,  good,  fair  or  poor.  We  dichotomised 
the  neighbourhood  safety  variable  (fair/poor  vs  good/very  good/ 
excellent)  based  on  similar  previous  research  in  HRS.1"  To  assess 
social  ties  to  neighbours,  participants  were  asked  if  they  had 
friends  or  relatives  in  the  neighbourhood  (yes/no)  and  how  often 
they  get  together  with  neighbours  for  a  social  visit  (dichotomised 
as  1  +  time  per  month).  Following  previous  research  by  Osypuk, 
Ehnholt,  Moon  et  al  (personal  communication,  2015),  items 
were  averaged  to  create  an  index  with  a  theoretical  range  of  0-1. 
Scores  were  set  to  missing  if  values  for  more  than  one  item  were 
missing.  We  created  a  composite  measure  defined  as  the  mean  of 
the  four  individual  neighbourhood  measures. 


Table  1  Demographic  characteristics  of  participants 


Characteristic 

ADL 

analyses 

(n=8801) 

IADL 
analyses 
(n=91 56) 

Age  (mean,  SD) 

65.7  (9.8) 

65.7  (9.7) 

Male  (%) 

40.7 

40.5 

Black  (%) 

11.5 

11.8 

Southern  birthplace  (%) 

14.6 

14.9 

Years  of  education  (mean,  SD) 

13.2  (2.6) 

13.2  (2.5) 

Mother  had  >8  years  of  education  (%) 

62.7 

62.3 

Father  had  >8  years  of  education  (%) 

Marital  status,  (%) 

53.0 

52.6 

Married 

72.5 

72.0 

Divorced/separated 

9.6 

9.9 

Widowed 

15.2 

15.5 

Never  married 

2.7 

2.6 

Currently  employed  (%) 

45.1 

44.8 

Log  household  size-adjusted  wealth  (mean,  SD) 

11.6  (2.7) 

11.6  (2.7) 

Log  household  size-adjusted  income  (mean,  SD) 

10.4  (1.1) 

10.4  (1.1) 

Self-rated  health  (excellent,  very  good,  good  vs 
fair,  poor)  (%) 

85.9 

84.9 

Depressive  symptoms  (>3)  (%) 

9.0 

9.4 

Physically  inactive  (<1  vigorous  physical  activity 
per  week)  (%) 

71.2 

71.8 

Overweight  (BMI=25— 29  kg/m2)  (%) 

40.5 

40.1 

Obese  (BMI  >30  kg/m2)  (%) 

25.9 

27.5 

Moderate  alcohol  consumption  (more  than  0  and 
fewer  than  2  drinks/day)  (%) 

32.5 

32.4 

Heavy  drinking  alcohol  consumption 
(2+  drinks/day)  (%) 

6.5 

6.6 

Ever  smoked  (%) 

56.0 

56.0 

Memory  score  >  0.78  (20th  centile)  (%) 

80.2 

80.4 

Neighbourhood  physical  disorder  (mean,  SD) 

0.2  (0.2) 

0.2  (0.2) 

Neighbourhood  cohesion  (mean,  SD) 

0.8  (0.2) 

0.8  (0.2) 

Neighbourhood  safety  (%  excellent, 
very  good,  good) 

93.3 

93.5 

Neighbourhood  social  ties  (mean,  SD) 

0.6  (0.3) 

0.6  (0.3) 

ADL,  activities  of  daily  living;  BMI,  body  mass  index;  IADL,  instrumental  activities  of 
daily  living. 

All  neighbourhood  measures  have  a  range  of  0-1,  so  the  ORs 
are  directly  comparable  across  the  variables,  and  coefficients  repre¬ 
sent  the  contrast  of  best  possible  to  worst  possible  value  (1  vs  0). 

Outcomes 

We  evaluated  two  outcomes:  onset  of  any  ADL  limitation  and 
onset  of  any  IADL  limitation.  At  each  interview,  participants  or 
proxy  respondents  reported  whether  they  had  difficulty  in  the 
past  30  days  in  performing  five  ADLs  (getting  across  room,  dress¬ 
ing,  bathing,  eating,  and  getting  in  and  out  of  bed)  and  five  IADLs 
(using  a  phone,  managing  money,  taking  medications,  shopping 
for  groceries,  and  preparing  hot  meals).  Response  options  were 
‘yes,’  ‘no,’  ‘do  not  do’,  and  ‘refused’.  ‘Do  not  do’  and  ‘refused’ 
were  coded  as  missing.  Participants  who  answered  in  the  affirma¬ 
tive  for  any  ADL  or  any  IADL  were  considered  having  an  ADL  or 
IADL  limitation  for  that  interview  wave.  We  restricted  the  sample 
to  those  without  the  outcome  of  interest  in  the  current  or  prior 
wave  when  the  neighbourhood  data  was  collected. 

Memory  function 

Our  measure  of  memory  function  was  imputed  memory  scores, 
which  have  been  described  elsewhere. 1 1  Briefly,  an  immediate 
and  delayed  recall  of  a  10-item  word  list  and  the  Telephone 
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Interview  for  Cognitive  Status  (TICS)  were  used  to  construct 
the  memory  scores.  For  participants  too  impaired  to  participate 
in  the  direct  memory  assessments,  proxy  informants  completed 
the  16-item  Jorm  Informant  Questionnaire  for  Cognitive 
Decline  and  a  single-item  memory  impairment  question.  We 
created  a  dichotomous  measure  of  memory  impairment  corre¬ 
sponding  to  approximately  the  20th  centile  in  our  sample. 
Memory  function  in  2006  and  2008  were  used  for  participants 
with  neighbourhood  data  for  2006  and  2008,  respectively.  In 
sensitivity  analyses,  we  modelled  memory  as  a  continuous  vari¬ 
able  but  results  were  qualitatively  similar,  so  we  present  models 
using  dichotomised  memory. 

Covariates 

Covariate  data  from  2004  and  2006  were  used  for  participants 
with  neighbourhood  data  for  2006  and  2008,  respectively. 
Because  several  covariates  could  plausibly  be  conceptualised  as 
confounders  or  as  mediators,  we  built  three  successive  models 
with  adjustment  for  additional  covariates  in  each  model.  In  the 
first  model,  we  adjusted  for  age  (continuous),  age  squared  (con¬ 
tinuous),  sex,  race  (black  vs  other),  memory  function  (<20th 
centile  or  >20th  centile)  and  wave  of  I/ADL  assessment. 

In  model  2,  we  included  additional  demographic  character¬ 
istics  and  socioeconomic  status  variables:  southern  birthplace 
(yes/no),  years  of  education  (linear  spline  model  with  discon¬ 
tinuities  at  completion  of  high  school  and  college  plus  an  indica¬ 
tor  variable  for  General  Educational  Development  (GED)), 
marital  status  (married,  divorced/separated,  widowed,  never 
married),  mother’s  and  father’s  education  (<8  years,  >8  years), 
height,  height  by  sex  interaction,  log  of  household  size-adjusted 
wealth,  log  of  household  size-adjusted  income  and  employment 
status  (currently  working  for  pay,  not  working  for  pay). 

In  model  3,  we  added  comorbidities  and  health  behaviours: 
self-reported  health  (poor/fair  vs  good/very  good/excellent), 
body  mass  index  categories  ( <25,  25-29,  30+  kg/m2),  self- 
reported  comorbidities  (high  blood  pressure,  diabetes,  cancer, 


lung  disease,  heart  disease,  stroke,  psychiatric  problems,  and 
arthritis),  physical  activity  (vigorous  physical  activity  >1  per 
week  vs  <  1),  alcohol  consumption  (no  drinks,  more  than  zero 
and  fewer  than  2  drinks/day,  2+  drinks/day),  ever  smoked  (yes/ 
no),  depression  (yes/no  where  yes  was  defined  as  reporting  >3 
depressive  symptoms  on  a  modified  8-item  Centers  for 
Epidemiologic  Studies-Depression  (CES-D)  scale  in  the  past  two 
weeks).  Neighbourhood  context  has  been  found  to  influence 
health  behaviours  such  as  physical  activity,10  13  smoking,14  and 
alcohol  consumption,14  and  health  outcomes  such  as  depressive 
symptoms14  and  self-reported  health.16  Since  the  third  set  of 
covariates  includes  several  variables  that  were  potentially 
affected  by  past  neighbourhood  context,  we  consider  model  2 
as  the  primary  results  and  model  3  as  supplementary  analyses. 

Statistical  analyses 

We  fit  discrete  time  survival  models  using  pooled  logistic  regres¬ 
sion  to  examine  the  associations  between  neighbourhood  level 
factors  and  (1)  ADL  limitations  and  (2)  IADL  limitations. 
Estimates  are  ORs,  which  with  rare  outcomes  approximate  HRs 
in  continuous  time  survival  analysis.  Individuals  were  censored  at 
last  interview,  death  or  on  developing  the  outcome  of  interest.  To 
investigate  whether  memory  modified  the  impact  of  neighbour¬ 
hood  characteristics  on  I/ADL  limitations,  we  included  interaction 
terms  between  memory  and  each  neighbourhood  characteristic. 

To  investigate  these  associations  on  an  absolute  scale,  we  cal¬ 
culated  the  marginal  probabilities  of  developing  I/ADL  limita¬ 
tions  by  memory  function  and  level  of  each  neighbourhood 
factor  by  using  the  ‘margins’  command  in  Stata  V13.  For  phys¬ 
ical  disorder,  social  cohesion,  and  social  ties,  we  compared  par¬ 
ticipants  rating  neighbourhood  characteristics  at  the  25  th  centile 
and  at  the  75th  centile.  For  neighbourhood  safety,  we  compared 
those  who  rated  their  neighbourhood  as  excellent,  very  good,  or 
good  versus  those  who  rated  their  neighbourhood  as  fair  or 
poor.  The  marginal  probability  by  neighbourhood  characteristics 
was  calculated  using  coefficients  estimated  in  the  pooled  logistic 


Table  2  Association  between  neighbourhood  level  variables,  IADL  and  ADL  limitations 


Model  1 

Model  2 

Model  3 

OR 

95%  Cl 

OR 

95%  Cl 

OR 

95%  Cl 

Onset  of  lADLs  (n=8726) 


Neighbourhood  physical  disorder 

0.36 

0.26 

0.48 

0.51 

0.37 

0.69 

0.57 

0.41 

0.78 

Neighbourhood  social  cohesion 

0.36 

0.27 

0.47 

0.46 

0.34 

0.62 

0.54 

0.40 

0.73 

Neighbourhood  safety 

0.50 

0.39 

0.64 

0.59 

0.46 

0.76 

0.67 

0.51 

0.87 

Neighbourhood  social  ties 

0.97 

0.77 

1.21 

0.93 

0.74 

1.17 

0.95 

0.76 

1.20 

Composite  measure 

0.21 

0.14 

0.33 

0.31 

0.20 

0.48 

0.40 

0.26 

0.63 

Onset  of  ADLs  (n=8345) 

Neighbourhood  physical  disorder 

0.43 

0.32 

0.58 

0.59 

0.43 

0.81 

0.70 

0.50 

0.96 

Neighbourhood  social  cohesion 

0.46 

0.34 

0.61 

0.60 

0.45 

0.81 

0.79 

0.58 

1.08 

Neighbourhood  safety 

0.61 

0.48 

0.78 

0.74 

0.58 

0.93 

0.87 

0.68 

1.10 

Neighbourhood  social  ties 

0.98 

0.77 

1.23 

1.01 

0.80 

1.28 

1.04 

0.82 

1.32 

Composite  measure 

0.32 

0.21 

0.49 

0.49 

0.32 

0.76 

0.71 

0.45 

1.10 

All  neighbourhood  measures  have  a  range  of  0-1,  so  the  ORs  are  directly  comparable  across  the  variables,  and  coefficients  for  physical  disorder,  social  ties,  social  cohesion,  and  the 
composite  measure  represent  the  contrast  between  best  possible  and  worst  possible  value  (1  vs  0).  For  safety,  the  comparison  is  between  those  who  rated  their  neighborhood  as 
excellent,  very  good,  or  good  versus  those  who  rated  their  neighborhood  as  fair  or  poor. 

Model  1  covariates:  age,  age  sguared,  sex,  race,  memory,  wave. 

Model  2  covariates:  model  1+southern  birthplace,  years  of  education  (linear  spline  model  with  discontinuities  at  completion  of  high  school  and  completion  of  college  plus  an  indicator 
variable  for  GED  completion),  marital  status  (married,  divorced/separated,  widowed,  never  married),  mother's  and  father's  education  (<8  years,  >8  years),  height,  heightxsex  interaction, 
log  of  household  size-adjusted  wealth,  log  of  household  size-adjusted  income,  and  employment  status  (currently  working  for  pay,  not  working  for  pay). 

Model  3  covariates:  model  2+self-reported  health  (poor,  fair  vs  good,  very  good,  excellent),  body  mass  index  (<25,  25-29,  30+),  self-reported  comorbidities  (high  blood  pressure, 
diabetes,  cancer,  lung  disease,  heart  disease,  stroke,  psychiatric  problems,  and  arthritis),  physical  activity  (active  vs  inactive),  alcohol  consumption  (no  drinks,  more  than  zero  and  fewer 
than  2  drinks/day,  2+  drinks/day),  ever  smoked  (yes/no),  depression  (yes/no  where  yes  was  defined  as  reporting  >3  depressive  symptoms  on  a  modified  8-item  Centers  for  Epidemiologic 
Studies-Depression  (CES-D)  scale  in  the  past  2-weeks). 

ADL,  activities  of  daily  living:  IADL,  instrumental  and  basic  activities  of  daily  living. 
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models  and  the  actual  population  distribution  of  the  other 
covariates.  For  marginal  probabilities  by  memory  status  and 
neighbourhood  characteristics,  we  estimated  the  probabilities 
stratified  by  memory  status  (>  20th  centile  and  <20th  centile), 
adjusting  for  covariates.  All  analyses  were  weighted  using  the 
HRS  sampling  weights  in  2008. 

RESULTS 

Online  supplementary  figures  SI  and  S2  present  flow  charts  of 
participants  who  met  the  exclusion/inclusion  criteria  for  the 
study  population  (see  online  supplementary  materials).  During 
follow-up  1443  participants  reported  development  of  an  IADL 
limitation,  and  1377  reported  development  of  an  ADL  limita¬ 
tion.  The  baseline  characteristics  of  the  participants  are  shown 
in  table  1.  Participants  excluded  from  the  analyses  tended  to  be 
older,  had  fewer  years  of  schooling,  and  were  less  likely  to  have 
a  mother  or  father  with  greater  than  8  years  of  education.  They 
were  also  less  likely  to  be  married,  less  likely  to  be  employed, 
and  had  lower  memory  scores  than  participants  included  in  the 
analyses  (see  supplementary  table  SI). 

Associations  between  neighbourhood  level  factors,  memory 
and  I/ADL  limitations  are  presented  in  table  2.  After  adjustment 
for  demographics  and  socioeconomic  status  (model  2), 


neighbourhood  characteristics  were  associated  with  IADL  inci¬ 
dence:  (physical  disorder  OR=0.51  comparing  the  lowest  to 
highest  possible  neighbourhood  physical  disorder  (95%  Cl  0.37 
to  0.69));  neighbourhood  social  cohesion  (OR=0.46  comparing 
highest  to  lowest  cohesion  (95%  Cl  0.34  to  0.62));  neighbour¬ 
hood  safety  (OR=0.59  comparing  ratings  of  excellent/very 
good/good  vs  fair/poor  (95%  Cl  0.46  to  0.76));  and  the  com¬ 
posite  neighbourhood  measure  (OR=0.31  (95%  Cl  0.20  to 
0.48)).  These  neighbourhood  characteristics  were  also  associated 
with  incidence  of  ADL  limitations  (physical  disorder  OR=0.59 
(95%  Cl  0.43  to  0.81));  social  cohesion  OR=0.60  (95%  Cl 
0.45  to  0.81);  safety  OR=0.74  (95%  Cl  0.58  to  0.93);  compos¬ 
ite  OR=0.49  (95%  Cl  0.32  to  0.76).  Neighbourhood  social  ties 
were  not  related  to  IADLs  (OR=0.93  (95%  Cl  0.74  to  1.17)) 
or  ADLs  (OR=1.01  (95%  Cl  0.80  to  1.28).  In  model  3,  we 
adjusted  for  potential  mediators  such  as  self-reported  comorbid¬ 
ities  and  health  behaviours.  The  effects  of  physical  disorder, 
social  cohesion  and  safety  on  IADL  limitations  were  attenuated. 
The  effects  of  neighbourhood  characteristics  on  ADL  limitations 
were  also  attenuated  and  no  longer  statistically  significant  for 
social  cohesion,  safety  and  the  composite  measure. 

Low  neighbourhood  physical  disorder,  high  social  cohesion, 
and  high  safety  were  protective  for  onset  of  IADLs  among 


Table  3  Association  between  neighbourhood-level  variables  and  incident  IADL  limitations  including  interactions  between  neighbourhood 


variables  and  memory  function  (n 

=8726) 

Model  1 

Model  2 

Model  3 

OR 

95%  Cl 

p  Value 

OR 

95%  Cl 

p  Value 

OR 

95%  Cl 

p  Value 

Neighbourhood  physical  disorder 

Normal  memory 

1.30 

0.84 

2.03 

0.24 

1.18 

0.74 

1.87 

0.49 

1.10 

0.68 

1.75 

0.70 

Neighbourhood  physical  disorder 

1.37 

0.91 

2.05 

0.14 

0.90 

0.59 

1.38 

0.63 

0.91 

0.59 

1.41 

0.67 

Normal  memoryxdisordert 

2.95 

1.71 

5.11 

<0.001 

0.41 

0.23 

0.73 

<0.01 

0.49 

0.27 

0.87 

0.01 

Neighbourhood  social  cohesion 

Normal  memory 

1.37 

0.88 

2.13 

0.16 

1.33 

0.85 

2.09 

0.21 

1.23 

0.77 

1.96 

0.39 

Neighbourhood  social  cohesion 

0.74 

0.50 

1.10 

0.13 

0.88 

0.59 

1.33 

0.56 

0.94 

0.61 

1.44 

0.77 

Normal  memoryxcohesiont 

0.32 

0.19 

0.54 

<0.0001 

0.36 

0.21 

0.62 

<0.001 

0.42 

0.24 

0.74 

<0.01 

Neighbourhood  safety 

Normal  memory 

1.09 

0.70 

1.69 

0.71 

0.93 

0.59 

1.47 

0.76 

0.92 

0.57 

1.46 

0.72 

Neighbourhood  safety 

0.81 

0.57 

1.15 

0.23 

0.82 

0.57 

1.18 

0.28 

0.88 

0.61 

1.27 

0.51 

Normal  memoryxsafetyt 

0.49 

0.32 

0.77 

<0.01 

0.63 

0.40 

1.00 

0.05 

0.67 

0.42 

1.08 

0.10 

Neighbourhood  social  ties 

Normal  memory 

0.81 

0.59 

1.12 

0.20 

0.83 

0.60 

1.15 

0.27 

0.86 

0.62 

1.19 

0.36 

Neighbourhood  social  ties 

1.45 

1.04 

2.04 

0.03 

1.34 

0.95 

1.89 

0.09 

1.35 

0.95 

1.92 

0.10 

Normal  memoryxsocial  tiest 

0.56 

0.36 

0.86 

0.01 

0.59 

0.38 

0.92 

0.02 

0.61 

0.39 

0.96 

0.03 

Composite  variable 

Normal  memory 

2.51 

1.34 

4.70 

0.00 

2.07 

1.09 

3.93 

0.03 

1.82 

0.95 

3.51 

0.07 

Composite  measure 

0.83 

0.44 

1.56 

0.56 

0.96 

0.50 

1.86 

0.91 

1.07 

0.54 

2.10 

0.85 

Normal  memoryxcompositet 

0.14 

0.06 

0.32 

<0.0001 

0.20 

0.09 

0.45 

<0.001 

0.25 

0.11 

0.57 

<0.01 

All  neighbourhood  measures  have  a  range  of  0-1,  so  the  ORs  are  directly  comparable  across  the  variables,  and  coefficients  for  physical  disorder,  social  ties,  social  cohesion,  and  the 
composite  measure  represent  the  contrast  between  best  possible  and  worst  possible  value  (1  vs  0).  For  safety,  the  comparison  is  between  those  who  rated  their  neighborhood  as 
excellent,  very  good,  or  good  versus  those  who  rated  their  neighborhood  as  fair  or  poor. 

The  coefficient  for  normal  memory  represents  the  comparison  of  participants  with  normal  memory  (>20th  centile)  to  participants  with  impaired  memory  (<20th  centile)  on  incidence  of 
IADL  limitations;  because  of  the  interaction  term  included  in  the  model,  this  estimate  applies  to  participants  with  the  worst  possible  neighbourhood  characteristic  score  (0). 

Model  1  covariates:  age,  age  sguared,  sex,  race,  memory,  wave. 

Model  2  covariates:  model  1+southern  birthplace,  years  of  education  (linear  spline  model  with  discontinuities  at  completion  of  high  school  and  completion  of  college  plus  an  indicator 
variable  for  GED  completion),  marital  status  (married,  divorced/separated,  widowed,  never  married),  mother's  and  father's  education  (=<8  years,  >8  years),  height,  heightxsex 
interaction,  log  of  household  size-adjusted  wealth,  log  of  household  size-adjusted  income,  and  employment  status  (currently  working  for  pay,  not  working  for  pay). 

Model  3  covariates:  model  2+self-reported  health  (poor,  fair  vs  good,  very  good,  excellent),  body  mass  index  (<25,  25-29,  30+),  self-reported  comorbidities  (high  blood  pressure, 
diabetes,  cancer,  lung  disease,  heart  disease,  stroke,  psychiatric  problems,  and  arthritis),  physical  activity  (active  vs  inactive),  alcohol  consumption  (no  drinks,  more  than  zero  and  fewer 
than  2  drinks/day,  2+  drinks/day),  ever  smoked  (yes/no),  depression  (yes/no  where  yes  was  defined  as  reporting  >3  depressive  symptoms  on  a  modified  8-item  Centers  for 
Epidemiologic  Studies-Depression  (CES-D)  scale  in  the  past  two  weeks). 

tThe  interaction  coefficient  for  memory  by  neighbourhood  characteristic  represents  the  estimated  differential  effect  of  the  neighbourhood  characteristic  on  incidence  of  IADL  limitations 
among  those  with  normal  memory  (>20th  centile)  compared  to  those  with  impaired  memory  (<20th  centile).  An  interaction  coefficient  <1  indicates  the  effect  of  the  neighbourhood 
characteristic  is  more  strongly  and  inversely  associated  with  IADL  limitations  among  those  with  normal  memory  than  those  with  impaired  memory. 

IADL,  instrumental  activities  of  daily  living. 
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participants  with  normal  memory  but  the  effects  were  attenu¬ 
ated  and  not  statistically  significant  among  participants  with 
memory  impairment  (table  3).  For  example,  high  social  cohe¬ 
sion  was  non-significantly  associated  with  an  OR  of  0.88  for 
developing  an  IADL  limitation  among  those  with  memory 
impairment  (95%  Cl  0.59  to  1.33).  Among  those  with  normal 
memory  function,  high  social  cohesion  was  associated  with  an 
OR  of  0.32  (0.88x0.36)  for  developing  an  IADL  limitation 
(p  value  for  interaction  <0.001)  (table  3).  p  Values  for  inter¬ 
action  between  memory  and  each  of  the  other  neighbourhood 
characteristics  were  as  follows:  physical  disorder  p  value: 
<0.01;  neighbourhood  safety  p  value:  0.05;  social  ties  p  value: 
0.02;  composite  p  value:  <0.001).  In  contrast,  there  was  no  evi¬ 
dence  of  interactions  on  the  relative  scale  between  any  of  the 
neighbourhood  factors  and  memory  function  (p  >0.1  for  all 
interactions)  for  onset  of  ADLs  (table  4).  Stratified  results  by 
memory  function  and  neighbourhood  characteristics  are  pre¬ 
sented  in  online  supplementary  table  S2. 

Absolute  probability  estimates  revealed  a  similar  pattern  as 
estimates  on  the  relative  scale.  Low  neighbourhood  physical  dis¬ 
order  and  social  cohesion  (75th  vs  25th  centile)  were  associated 
with  a  1  percentage  point  difference  in  2-year  incidence  rate  in 
IADL  and  ADL  limitations.  Comparing  those  rating  their 


neighbourhood  as  safe  (excellent/very  good/good)  versus  unsafe 
(fair/poor),  there  was  a  2-3  percentage  point  difference  in 
2-year  incidence  rate  of  IADL  and  ADL  limitations  (figure  1). 

There  was  also  evidence  of  differential  impact  of  the  neigh¬ 
bourhood  characteristics  by  memory  status  on  the  absolute  scale 
(see  online  supplementary  table  S3).  Low  physical  disorder,  high 
social  cohesion  and  high  safety  were  associated  with  a  1-3  per¬ 
centage  point  lower  incidence  of  IADL  limitations  among 
respondents  with  normal  memory  function.  However,  these 
neighbourhood  characteristics  were  not  related  to  LADLs  among 
those  with  memory  impairment.  For  ADLs,  neighbourhood 
characteristics  had  similar  effects  for  people  with  normal  and 
impaired  memory.  Based  on  the  observed  2-year  cumulative  inci¬ 
dence  of  ADL  limitations  in  our  cohort,  the  median  time  of  onset 
of  ADL  limitations  is  9.5  years  for  those  with  memory  impair¬ 
ment  living  in  low  physical  disorder  neighbourhoods  compared 
to  8.4  years  for  those  with  memory  impairment  living  in  high 
physical  disorder  neighbourhoods  (see  online  supplementary 
materials  for  additional  details  on  the  calculations). 

DISCUSSION 

In  models  accounting  for  demographics  and  SES,  low  phys¬ 
ical  disorder,  high  neighbourhood  social  cohesion,  and  high 


Table  4  Association  between  neighbourhood-level  variables  and  incident  ADL  limitations  including  interactions  between  neighbourhood 
variables  and  memory  function  (n=8345) 

Model  1  Model  2  Model  3 


OR 

95%  Cl 

p  Value 

OR 

95%  Cl 

p  Value 

OR 

95%  Cl 

p  Value 

Neighbourhood  physical  disorder 

Normal  memory 

0.70 

0.45 

1.12 

0.14 

0.64 

0.40 

1.03 

0.06 

0.57 

0.35 

0.93 

0.03 

Neighbourhood  physical  disorder 

0.53 

0.34 

0.81 

<0.01 

0.66 

0.43 

1.02 

0.06 

0.66 

0.42 

1.05 

0.08 

Normal  memoryxdisordert 

0.74 

0.42 

1.31 

0.30 

0.85 

0.48 

1.52 

0.59 

1.07 

0.58 

1.98 

0.82 

Neighbourhood  social  cohesion 

Normal  memory 

0.57 

0.37 

0.89 

0.01 

0.51 

0.32 

0.80 

<0.01 

0.44 

0.27 

0.72 

0.001 

Neighbourhood  social  cohesion 

0.47 

0.32 

0.69 

<0.001 

0.55 

0.37 

0.82 

<0.01 

0.61 

0.40 

0.95 

0.03 

Normal  memoryxcohesiont 

0.96 

0.56 

1.65 

0.88 

1.16 

0.67 

2.00 

0.60 

1.49 

0.83 

2.67 

0.19 

Neighbourhood  safety 

Normal  memory 

0.76 

0.49 

1.18 

0.22 

0.67 

0.43 

1.05 

0.08 

0.63 

0.40 

0.99 

0.04 

Safety 

0.77 

0.56 

1.07 

0.12 

0.84 

0.60 

1.16 

0.29 

0.90 

0.64 

1.26 

0.53 

Normal  memoryxsafetyt 

0.70 

0.45 

1.09 

0.11 

0.83 

0.53 

1.29 

0.40 

0.95 

0.60 

1.50 

0.82 

Neighbourhood  social  ties 

Normal  memory 

0.69 

0.49 

0.95 

0.02 

0.70 

0.50 

0.98 

0.04 

0.72 

0.51 

1.01 

0.06 

Social  ties 

1.27 

0.90 

1.79 

0.17 

1.30 

0.92 

1.85 

0.14 

1.29 

0.90 

1.85 

0.17 

Normal  memoryxsocial  tiest 

0.69 

0.44 

1.08 

0.10 

0.69 

0.44 

1.10 

0.12 

0.74 

0.46 

1.18 

0.20 

Composite  variable 

Normal  memory 

0.88 

0.47 

1.65 

0.69 

0.75 

0.40 

1.41 

0.37 

0.61 

0.31 

1.17 

0.14 

Composite  measure 

0.48 

0.26 

0.87 

0.02 

0.63 

0.34 

1.16 

0.14 

0.71 

0.38 

1.35 

0.30 

Normal  memoryxcompositet 

0.55 

0.25 

1.21 

0.13 

0.70 

0.31 

1.55 

0.38 

0.99 

0.43 

2.27 

0.98 

All  neighbourhood  measures  have  a  range  of  0-1,  so  the  ORs  are  directly  comparable  across  the  variables,  and  coefficients  for  physical  disorder,  social  ties,  social  cohesion,  and  the 
composite  measure  represent  the  contrast  between  best  possible  and  worst  possible  value  (1  vs  0).  For  safety,  the  comparison  is  between  those  who  rated  their  neighborhood  as 
excellent,  very  good,  or  good  versus  those  who  rated  their  neighborhood  as  fair  or  poor. 

The  coefficient  for  normal  memory  represents  the  comparison  of  participants  with  normal  memory  (>20th  centile)  to  participants  with  impaired  memory  (<20th  centile)  on  incidence  of 
ADL  limitations:  because  of  the  interaction  term  included  in  the  model,  this  estimate  applies  to  participants  with  the  worst  possible  neighbourhood  characteristic  score  (0). 

Model  1  covariates:  age,  age  squared,  sex,  race,  memory,  wave. 

Model  2  covariates:  model  1+southern  birthplace,  years  of  education  (linear  spline  model  with  discontinuities  at  completion  of  high  school  and  completion  of  college  plus  an  indicator 
variable  for  GED  completion),  marital  status  (married,  divorced/separated,  widowed,  never  married),  mother's  and  father's  education  (<8  years,  >8  years),  height,  heightxsex  interaction, 
log  of  household  size-adjusted  wealth,  log  of  household  size-adjusted  income,  and  employment  status  (currently  working  for  pay,  not  working  for  pay). 

Model  3  covariates:  model  2+self-reported  health  (poor,  fair  vs  good,  very  good,  excellent),  body  mass  index  (<25,  25-29,  30+),  self-reported  comorbidities  (high  blood  pressure, 
diabetes,  cancer,  lung  disease,  heart  disease,  stroke,  psychiatric  problems,  and  arthritis),  physical  activity  (active  vs  inactive),  alcohol  consumption  (no  drinks,  more  than  zero  and  fewer 
than  2  drinks/day,  2+  drinks/day),  ever  smoked  (yes/no),  depression  (yes/no  where  yes  was  defined  as  reporting  >3  depressive  symptoms  on  a  modified  8-item  Centers  for 
Epidemiologic  Studies-Depression  (CES-D)  scale  in  the  past  two  weeks). 

tThe  interaction  coefficient  for  memory  by  neighbourhood  characteristic  represents  the  estimated  differential  effect  of  the  neighbourhood  characteristic  on  incidence  of  ADL  limitations 
among  those  with  normal  memory  (>20th  centile)  compared  to  those  with  impaired  memory  (<20th  centile).  An  interaction  coefficient  <1  indicates  the  effect  of  the  neighbourhood 
characteristic  is  more  strongly  and  inversely  associated  with  ADL  limitations  among  those  with  normal  memory  than  those  with  impaired  memory. 

ADL,  activities  of  daily  living:  IADL,  instrumental  activities  of  daily  living. 


Nguyen  TT,  et  al.  J  Epidemiol  Community  Health  2016;0:1-7.  doi:  1 0.1 1 36/jech-201 6-207241 


5 


Research  report 


Physical  disorder  Social  Cohesion  Safety  Social  ties  Composite 

Figure  1  Absolute  difference  in  2-year  incidence  rate  in  IADL  and  ADL  limitations  by  level  of  neighbourhood  factors,  comparing  participants  rating 
neighbourhood  characteristics  at  the  75th  to  25th  centile  for  physical  disorder,  social  cohesion,  social  ties  and  the  composite  measure.  For 
neighbourhood  safety,  we  compared  those  who  rated  their  neighbourhood  as  excellent,  very  good,  or  good  versus  those  who  rated  their 
neighbourhood  as  fair  and  poor,  p  Values  for  the  test  that  the  differences  are  equal  to  zero.  *p<0.05,  **p<0.01,  ***p<0.001.  ADL,  activities  of 
daily  living;  IADL,  instrumental  and  basic  activities  of  daily  living. 


neighbourhood  safety  were  associated  with  reduced  incidence 
of  IADL  and  ADL  limitations.  Neighbourhood  social  ties 
were  not  associated  with  IADL  or  ADL  limitations.  The  esti¬ 
mated  benefits  of  neighbourhood  characteristics  for  ADL  lim¬ 
itations  were  similar  for  people  with  and  without  memory 
impairment.  The  relative  and  absolute  effects  of  neighbour¬ 
hood  physical  disorder,  social  cohesion,  and  safety  on  IADL 
limitations  were  attenuated  among  participants  with  memory 
impairment. 

Previous  reviews  on  the  influence  of  the  neighbourhood 
environment  on  health  and  mobility  in  older  adults  found  that 
most  studies  were  cross-sectional  and  used  objective  neighbour¬ 
hood  measures/  6  In  our  longitudinal  study,  perceived  neigh¬ 
bourhood  characteristics  were  associated  with  onset  of 
functional  limitations. 

We  found  that  the  impact  of  neighbourhood  characteristics  on 
IADLs  were  diminished  among  those  with  memory  impairment 
compared  to  those  with  normal  memory  function.  This  is  con¬ 
sistent  with  previous  research,  showing  that  among  people  with 
memory  impairment,  it  is  easier  to  delay  onset  of  ADL  than 
IADL  disability.1'  ls  We  hypothesise  this  is  due  to  the  close  link 
between  cognitive  function  and  IADLs. 

This  paper  has  several  strengths.  We  used  a  large,  national 
study  of  older  adults  and  used  a  prospective  cohort  design.  We 
controlled  for  a  comprehensive  list  of  demographics,  individual 
characteristics  and  cognitive  function  to  reduce  confounding. 

Limitations  include  generalisability  since  we  restricted  the 
sample  to  those  without  prior  I/ADL  limitations.  Included  parti¬ 
cipants  tended  to  be  younger  and  have  higher  socioeconomic 
status  than  those  excluded.  Limitations  also  include  the  potential 
for  residual  unmeasured  confounding  because  this  is  an  observa¬ 
tional  study.  Additionally,  we  only  have  data  on  the  participant’s 
neighbourhood  of  residence  at  the  time  of  data  collection. 
Neighbourhood  environment  was  assessed  through  self-report, 
which  may  be  influenced  by  cognitive  function.  However,  we 
controlled  for  memory  function  in  all  models. 


The  public  health  importance  of  these  effect  estimates 
depends  on  the  extent  to  which  it  is  possible  to  change  these 
neighbourhood  characteristics.  To  facilitate  direct  comparison  of 
effect  estimates,  we  transformed  the  physical  disorder  and  social 
cohesion  measures  to  match  the  range  of  the  other  neighbour¬ 
hood  variables  (ranging  from  0  to  1).  However,  very  few  indivi¬ 
duals  reported  the  most  extreme  values  of  these  variables;  for 
example,  only  15%  of  respondents  reported  the  lowest  possible 
level  of  disorder  and  less  than  1%  reported  the  highest  possible 
value.  Thus,  the  effect  estimates  for  a  one  unit  change  (from  0 
to  1)  may  present  an  overly  optimistic  estimate  of  the  potential 
magnitude  of  effect. 

This  study  found  individuals  who  reported  their  neighbour¬ 
hoods  as  having  low  disorder,  higher  levels  of  safety,  and  social 
cohesion  had  lower  risk  of  incident  I/ADL  limitations. 
Neighbourhoods  appeared  relevant  for  onset  of  ADL  limitations 
even  for  individuals  with  memory  impairment.  Efforts  to 
improve  neighbourhood  safety  conditions,  reduce  disorder  and 
promote  social  cohesion  may  be  beneficial  for  preventing  or 
delaying  onset  of  ADL  limitations  regardless  of  memory  status 
and  may  be  beneficial  in  reducing  IADL  limitations  among  those 
without  memory  impairment. 


What  is  already  known  on  this  subject 


Studies  examining  the  influence  of  neighbourhood  level  factors 
on  disability  have  primarily  used  objective  measures  of 
neighbourhood  characteristics,  been  cross-sectional  in  design, 
and  not  been  nationally  representative.  While  some  studies  have 
observed  that  neighbourhood  characteristics  were  related  to 
functional  limitations,  research  has  not  evaluated  whether  these 
neighbourhood  characteristics  are  important  for  individuals  with 
memory  impairment. 
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What  this  study  adds 


We  used  a  national,  longitudinal  study  of  older  Americans  to 
examine  the  impact  of  self-reported  neighbourhood  physical 
disorder,  safety,  social  cohesion  and  social  ties  on  incident 
functional  limitations.  We  found  that  low  neighbourhood 
physical  disorder,  high  safety  and  high  social  cohesion  were 
associated  reduced  onset  of  ADL  and  IADL  limitations.  These 
neighbourhood  characteristics  were  important  for  activities  of 
daily  living  (ADL)  limitations  regardless  of  memory  function,  but 
were  principally  protective  for  participants  without  memory 
impairment  for  instrumental  and  basic  ADL  limitations. 
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Acronym  expansions  in  tables  2  and  3  have  been  corrected  to  match  text. 
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ABSTRACT 

Objective:  To  identify  modifying  factors  that  preserve  functional  independence  among  individuals 
at  high  dementia  risk. 

Methods:  Health  and  Retirement  Study  participants  aged  65  years  or  older  without  baseline  activ¬ 
ities  of  daily  living  (ADL)  limitations  (n  =  4,922)  were  interviewed  biennially  for  up  to  12  years. 
Dementia  probability,  estimated  from  direct  and  proxy  cognitive  assessments,  was  categorized  as 
low  (i.e.,  normal  cognitive  function),  mild,  moderate,  or  high  risk  (i.e.,  very  impaired)  and  used  to 
predict  incident  ADL  limitations  (censoring  after  limitation  onset).  We  assessed  multiplicative  and 
additive  interactions  of  dementia  category  with  modifiers  (previously  self-reported  physical  activity, 
smoking,  alcohol  consumption,  depression,  and  income)  in  predicting  incident  limitations. 

Results:  Smoking,  not  drinking,  and  income  predicted  incident  ADL  limitations  and  had  larger 
absolute  effects  on  ADL  onset  among  individuals  with  high  dementia  probability  than  among  cog¬ 
nitively  normal  individuals.  Smoking  increased  the  2-year  risk  of  ADL  limitations  onset  from  9.9% 
to  14.9%  among  the  lowest  dementia  probability  category  and  from  32.6%  to  42.7%  among  the 
highest  dementia  probability  category.  Not  drinking  increased  the  2-year  risk  of  ADL  limitations 
onset  by  2.1  percentage  points  among  the  lowest  dementia  probability  category  and  13.2  per¬ 
centage  points  among  the  highest  dementia  probability  category.  Low  income  increased  the 
2-year  risk  of  ADL  limitations  onset  by  0.4%  among  the  lowest  dementia  probability  category 
and  12.9%  among  the  highest  dementia  probability  category. 

Conclusions:  Smoking,  not  drinking,  and  low  income  predict  incident  dependence  even  in  the  con¬ 
text  of  cognitive  impairment.  Regardless  of  cognitive  status,  reducing  these  risk  factors  may 
improve  functional  outcomes  and  delay  institutionalization.  Neurology®  2014;82:1543-1550 


GLOSSARY 

ADL  =  activities  of  daily  living;  Cl  =  confidence  interval;  DSM-///-R  =  Diagnostic  and  Statistical  Manual  of  Mental  Disorders, 
3rd  edition,  revised;  DSM-/V  =  Diagnostic  and  Statistical  Manual  of  Mental  Disorders,  4th  edition;  HRS  =  Health  and 
Retirement  Study;  IPW  =  inverse  probability  weighting;  OR  =  odds  ratio. 


Cognitive  impairment  causes  losses  in  independence  in  daily  activities,1  which  hasten  institu¬ 
tionalization.2  Little  prior  research  has  examined  whether  factors  that  delay  disability  in  cogni¬ 
tively  normal  adults  have  similar  benefits  among  the  cognitively  impaired. 

We  hypothesized  that  onset  of  impairments  in  functional  independence  among  individuals 
with  cognitive  impairment  may  be  substantially  accelerated  by  modifiable  individual  risk  factors. 
This  hypothesis  is  rooted  in  understanding  of  disability  as  emerging  when  physical  impairments  in 
body  functioning  or  structure  occur  and  it  is  not  possible  to  adopt  environmental,  behavioral,  and 
instrumental  accommodations  to  overcome  these  impairments  (see  figure  l).3,4  Individual-level 
modifiers,  such  as  physical  inactivity,  alcohol  consumption,  smoking,  depression,  and  low  house¬ 
hold  income,  may  influence  both  the  development  of  physical  impairments  and  patients’  ability  to 
use  accommodations  or  coping  strategies.  Cognitive  impairment  may  also  affect  basic  activities  of 
daily  living  (ADL)  independence  because  it  reduces  the  patient’s  ability  to  adopt  accommodations 
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Figure  1 


Hypothesized  influence  of  individual-level  health  modifiers  and  cognitive  impairment  on  the  disablement  process 


An  adaptation  of  the  disablement  process  model  by  Verbrugge  and  Jette,4  this  figure  illustrates  how  the  co-occurrence  of  illness  pathology  and  cognitive 
impairment  leads  to  functional  limitations  and  disability  by  impairing  the  patient's  ability  to  adopt  accommodations  and  coping  strategies.  ADL  =  activities  of 
daily  living. 


or  coping  strategies.  The  combination  of  indi¬ 
vidual  modifying  risk  factors  and  cognitive  sta¬ 
tus  will  determine  whether  the  patient  is  able  to 
successfully  use  activity  accommodations  to 
interrupt  the  translation  of  physical  impair¬ 
ments  into  ADL  limitations.  Assessing  whether 
these  individual  risk  factors  modify  the  transla¬ 
tion  of  cognitive  impairments  into  disability 
has  clinical  importance  because  many  of  these 
factors  may  be  insufficiently  managed  among 
patients  with  dementia.5 

METHODS  The  Health  and  Retirement  Study  (HRS)  is  a 
nationally  representative  longitudinal  survey  of  Americans  aged 
50  years  or  older  and  their  spouses.6,7  Participants  were  enrolled 
in  1992,  1993,  and  1998  and  were  interviewed  biannually 
through  2010. 

Standard  protocol  approvals,  registrations,  and  patient 
consents.  The  HRS  was  approved  by  the  University  of  Michigan 
Health  Sciences  Human  Subjects  Committee.  These  analyses 
were  determined  exempt  by  the  Harvard  School  of  Public  Health 
Office  of  Human  Research  Administration. 

Outcome  assessment.  The  outcome  for  this  study  was  self- 
reported  or  proxy-reported  (approximately  4%  per  wave) 
difficulty  in  5  ADL  (getting  across  a  room,  dressing,  bathing, 
eating,  and  getting  in  and  out  of  bed)  in  the  past  30  days. 
Possible  response  options  were  yes,  no,  or  do  not  do,  which 
was  treated  as  missing  in  this  analysis.  We  looked  at  each 
activity  individually  and  also  used  an  indicator  for  any  activity 
limitation,  capturing  limitations  in  any  of  the  5  ADL  (based  on 
the  RAND  HRS  coding8). 

Exposure  status.  Our  primary  exposure  was  imputed  dementia 
probability  score,  a  measure  of  cognitive  impairment.  Methods 


for  calculating  this  score  have  been  described  in  detail  elsewhere.9 
Briefly,  for  participants  too  impaired  to  participate  in  interviews 
(approximately  2%  per  wave),  proxies  completed  the  Jorm  Infor¬ 
mant  Questionnaire  for  Cognitive  Decline  and  a  single-item 
memory  impairment  question.  Respondents  able  to  participate 
in  interviews  completed  immediate  and  delayed  recall  of  1 0-word 
lists  and  a  modified  Telephone  Interview  for  Cognitive  Status.  In 
a  subsample  of  participants,  these  items  were  combined  and 
calibrated  against  dementia  diagnosis  according  to  DSM-III-R 
and  DSM-IV  criteria  (C  statistic  =  94.3%).  The  dementia 
probability  score  corresponds  to  the  estimated  probability  that 
the  individual  had  dementia  at  interview  per  this  calibration. 
For  our  analyses,  the  dementia  probability  score  was  divided 
into  4  categories  (0  to  ^0.25,  0.25  to  ^0.50,  0.50  to  <0.75, 
and  0.75  to  ^1),  which  represent  low,  mild,  moderate,  and  high 
probability  of  developing  dementia.  The  category  of  0  to  ^0.25 
(normal  cognitive  function)  was  used  as  the  reference  group  for  all 
analyses.  In  our  longitudinal  analyses,  dementia  probability  score 
was  assessed  in  the  wave  before  ADL  outcome  assessment. 

In  secondary  analyses,  we  used  an  imputed  memory  score  as 
our  measure  of  cognitive  impairment  and  observed  similar  results 
(see  appendix  e-1  on  the  Neurolog y®  Web  site  at  Neurology.org). 

Assessment  of  individual-level  modifiers.  We  were  inter¬ 
ested  in  determining  whether  5  self-reported  or  proxy-reported 
(approximately  2%  per  wave)  individual-level  factors  (physical 
activity,  drinking  alcohol,  smoking,  depression,  and  income) 
predict  similar  reductions  in  the  risk  of  incident  ADL  limitations 
regardless  of  level  of  cognitive  impairment.  Furthermore,  we 
wanted  to  know  whether  these  factors  ameliorate  or  exacerbate 
the  effects  of  cogniuve  impairment  on  incident  ADL  limitations, 
i.e.,  whether  they  interact  with  the  cognitive  impairment 
measures  in  predicting  incident  ADL  limitations.  Because  of 
changes  in  the  assessment  of  physical  activity  levels  over  time, 
physical  activity  was  dichotomized  as  active  vs  inactive  with 
active  defined  as  vigorous  activity  ^3  times  per  week  in  1998  to 
2002  and  >1  time  per  week  from  2004  onward  (the  closest 
available  category  to  the  previously  used  2:3  times  per  week 
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cutpoint).  Alcohol  consumption  was  dichotomized  into  moderate 
drinking  (more  than  0  but  fewer  than  2  drinks  per  day)  vs  not 
drinking.  Because  of  the  low  number  of  participants  consuming  2 
or  more  drinks  per  day,  we  excluded  these  individuals  from  our 
analyses  of  alcohol  consumption,  dementia  category,  and  incident 
ADL  limitations.  Sensitivity  analyses  contrasting  moderate  drinkers 
with  nonmoderate  drinkers  (nondrinkers  or  heavy  drinkers) 
showed  similar  results  to  those  presented  here.  Current  smoking 
status  was  dichotomized  (yes/no).  An  indicator  variable  for 
depression  was  constmcted  based  on  reporting  >3  depressive 
symptoms  on  a  modified  8-item  Centers  for  Epidemiologic 
Studies— Depression  Scale  in  the  past  2  weeks.  This  threshold  has 
been  shown  to  have  high  sensitivity  (71%)  and  specificity  (79%) 
for  depression  per  the  Composite  International  Diagnostic 
Interview— Short  Form.10  We  constmcted  an  indicator  variable  for 
low  income  using  a  cutpoint  of  $12,031  (based  on  the  23th 
percentile  of  the  household  size— adjusted  income  at  baseline). 
Modifier  information  was  assessed  in  the  wave  before  outcome 
assessment. 

Covariates.  We  adjusted  for  the  following  potential  time- 
constant  confounders:  age  (centered,  continuous),  age  squared, 
sex,  race  (black  vs  other),  southern  birthplace,  education 
(modeled  as  linear  terms  for  years  of  education  with 
discontinuities  at  completion  of  high  school  and  completion  of 
college  plus  an  indicator  variable  for  GED  completion), 
mother’s  and  father’s  education  (^8  years  vs  >8  years),  and 
height  (sex-specific  baseline  quartiles).  In  addition,  we  adjusted 
for  the  following  time-varying  confounders:  marital  status 
(divorced/separated,  widowed,  never  married,  married),  log  of 
household  size-adjusted  wealth  (continuous),  body  mass  index 
(continuous),  self-reported  comorbidities  (yes/no  indicators  for 
high  blood  pressure,  diabetes,  cancer,  lung  disease,  heart 
disease,  stroke,  psychiatric  problems,  and  arthritis),  interview 
wave,  and  our  modifiers.  Time-constant  confounders  were 
assessed  at  study  baseline  (1998)  and  time-updated  confounders 
were  assessed  at  the  wave  before  the  exposure.  Those  missing 
information  on  any  covariates  at  baseline  were  excluded  from 
our  analyses.  If  the  covariate  was  missing  during  follow-up,  the 
last  reported  value  was  carried  forward. 

Statistical  analysis.  Pooled  logistic  regression  models  were  used 
to  calculate  odds  ratios  (ORs),  which  with  rare  outcomes  approxi¬ 
mates  a  hazard  ratio  as  in  continuous  time  survival  analyses.  The 
relationship  of  the  dementia  probability  categories  with  risk  of 
ADL  limitations  was  approximately  linear,  so  the  categories  were 
treated  as  a  linear  variable.  Participants  were  censored  from  analy¬ 
sis  after  last  interview,  onset  of  activity  limitations,  death,  or  at 
first  wave  of  missing  information  on  dementia  probability.  We 
used  inverse  probability  weighting  (IPW)  to  adjust  for  potential 
time-varying  confounding.  IPW  required  one  wave  of  “run-in” 
(see  below),  so  our  first  “exposure”  wave  was  in  2000  and  our  first 
“outcome”  wave  was  in  2002.  Those  who  reported  ADL 
limitations  in  1998  or  2000  were  excluded  from  our  analyses. 

To  assess  whether  any  of  our  modifiers  ameliorated  or  exacer¬ 
bated  the  effects  of  dementia  score  on  ADL  limitations,  2  differ¬ 
ent  approaches  were  used.  First,  we  included  an  interaction  term 
between  dementia  score  category  and  each  modifier  (in  separate 
models  for  each  modifier)  to  test  whether  each  modifier  had  dif¬ 
ferent  relative  effects  on  ADL  limitations  depending  on  the  par¬ 
ticipant’s  dementia  score.  Next,  to  compare  the  absolute  effects  of 
each  modifier  in  participants  with  highest  or  lowest  dementia 
score,  we  calculated  the  marginal  probability  of  developing  an 
activity  limitation  according  to  modifier  status  and  dementia  cate¬ 
gory.  If  effects  of  any  risk  factor  are  precisely  multiplicative,  the 


absolute  benefit  for  individuals  with  cognitive  impairment  will  be 
larger.  These  probabilities  were  calculated  using  the  coefficients 
estimated  in  the  logistic  models  with  interaction  terms  and  the 
actual  population  distribution  of  other  covariates.  The  marginal 
probabilities  were  then  compared  based  on  the  predicted  popu¬ 
lation  incidence  rate  of  ADL  limitations  if  everyone  in  the  pop¬ 
ulation  had:  (1)  low  dementia  probability  and  the  “beneficial” 
value  of  the  modifier;  (2)  low  dementia  probability  and  the 
“adverse”  value  of  the  modifier;  (3)  high  dementia  probability 
and  the  “beneficial”  value  of  the  modifier;  or  (4)  high  dementia 
probability  and  the  “adverse”  value  of  the  modifier.  All  analyses 
were  performed  using  PROC  SURVEYLOGISTIC  in  SAS  9.2 
(SAS  Institute,  Cary,  NC)  and  Stata  12  (StataCorp,  College  Sta¬ 
tion,  TX)  with  weights  as  described  below. 

We  used  IPW  to  avoid  introducing  bias  by  adjusting  for  vari¬ 
ables  potentially  affected  by  prior  exposure  but  which  affect 
future  exposure.  We  constructed  4  weights:  “treatment”  (category 
of  dementia  score),  modifier  status  (separate  weights  were  calcu¬ 
lated  for  each  modifier),  survival,  and  participation  in  HRS. 
These  weights  were  multiplied  to  create  a  weight  for  each  obser¬ 
vation  reflecting  the  inverse  probability  that  the  individual  was 
alive  and  participated  in  the  outcome  wave,  and  had  the  dementia 
and  modifier  values  he  or  she  actually  had,  given  past  dementia, 
modifier,  and  covariate  history.  We  additionally  included  the 
HRS  sampling  weight  from  1998.  Weights  were  stabilized11 
and  truncated  at  the  98  th  percentile  to  minimize  the  influence 
of  outliers. 

We  had  4,922  individuals  eligible  for  our  analysis  of  the 
association  between  dementia  score  and  any  ADL  limitation 
(see  figure  e-1  for  exclusions).  For  analyses  of  onset  of  specific 
ADL  limitations,  the  exact  number  of  individuals  eligible  differs 
slightly  for  each  ADL  because  of  differences  in  the  baseline  prev¬ 
alence  of  each  ADL  limitation. 

RESULTS  Most  respondents  (94.2%)  had  low 
dementia  probability  at  baseline  (table  1)  and 
throughout  follow-up  (table  2). 

Higher  dementia  probability  score  category  was 
associated  with  increased  risk  of  incident  ADL  limita¬ 
tions,  with  a  per-category  OR  of  1.65  (95%  confi¬ 
dence  interval  [Cl]:  1.49,  1.83)  (results  not  shown). 
This  implies  that  individuals  with  the  highest  demen¬ 
tia  category  (>75%  probability  of  dementia)  had 
4.48  times  the  odds  of  onset  of  ADL  limitations  as 
individuals  in  the  lowest  dementia  category  (<25% 
probability  of  dementia). 

Table  3  shows  the  association  between  dementia 
probability  category  and  risk  of  incident  ADL  limi¬ 
tations,  the  association  between  each  modifier  and 
incident  ADL  limitations,  and  the  interaction  coeffi¬ 
cient  between  dementia  probability  and  each  modi¬ 
fier.  In  these  models,  an  interaction  coefficient  of 
1  indicates  that  the  modifier  has  the  same  relative 
effect  on  ADL  limitations  regardless  of  dementia 
probability;  if  the  interaction  coefficient  is  less  than 
1,  it  indicates  that  the  modifier  effect  is  lower  (less 
harmful)  among  those  with  higher  dementia 
probability. 

For  the  outcome  of  any  ADL  limitation,  among 
the  physically  active,  each  unit  increase  in  dementia 
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Table  1  Baseline  characteristics  of  participants  included  in  the  analysis  of  dementia  probability  category  and 
any  incident  activities  of  daily  living  limitations  by  dementia  probability  category  at  baseline 

Dementia  probability  category 


0-0.25  (n  =  4,636)  0.25-0.50  (n  =  146)  0.50-0.75  (n  =  65)  0.75-1  (n  =  75) 


Age,  y,  mean  (SD) 

72.4  (5.6) 

80.0  (6.8) 

81.2  (6.0) 

80.6  (6.7) 

Sex,  %  male 

43.7 

41.8 

29.2 

22.7 

Race,  %  black 

9.1 

19.9 

15.4 

24.0 

Southern  birthplace,  % 

12.7 

20.6 

15.4 

22.6 

Years  of  education,  mean  (SD) 

12.6  (2.8) 

10.8  (3.5) 

9.9  (3.4) 

9.9  (3.9) 

Mother  had  ^8  y  of  education,  % 

53.0 

45.9 

36.9 

33.3 

Father  had  >8  y  of  education,  % 

45.5 

41.1 

30.8 

33.3 

Height,  m,  mean  (SD) 

1.7  (0.1) 

1.7  (0.1) 

1.6  (0.1) 

1.6  (0.1) 

Marital  status,  % 

Married 

65.5 

48.0 

40.0 

41.3 

Divorced/separated 

6.3 

5.5 

9.2 

5.3 

Widowed 

24.7 

43.2 

49.2 

52.0 

Never  married 

3.5 

3.4 

1.5 

1.3 

Not  physically  active,  % 

51.3 

63.7 

69.2 

84.0 

Nondrinker,  % 

74.8 

87.1 

92.2 

94.7 

Current  smoking,  % 

8.9 

10.3 

1.5 

4.0 

Current  depression,  % 

9.3 

19.2 

13.9 

17.3 

Low  household  size-adjusted  income,  % 

18.4 

39.0 

50.8 

50.7 

Body  mass  index,  kg/m2,  mean  (SD) 

26.1  (4.2) 

25.4  (4.0) 

24.2  (4.4) 

24.4  (4.0) 

No.  of  comorbidities,  mean  (SD) 

1.5  (1.2) 

1.6  (1.1) 

1.6  (1.3) 

1.4  (1.2) 

category  was  associated  with  an  OR  of  1 .83  (95%  Cl: 
1.36,  2.46).  Low  physical  activity  was  associated  with 
an  increase  in  incident  ADL  limitations  among  those 
with  the  lowest  dementia  probability  OR  =  1.51 
(95%  Cl:  1.25,  1.81).  The  interaction  between 
physical  activity  and  dementia  probability  was  close 
to  1  and  not  significant  (OR  =  0.86;  95%  Cl:  0.63, 
1.18),  indicating  that  the  estimated  relative  harm  of 

low  physical  activity  was  similar  regardless  of  demen¬ 
tia  category.  Depression  was  also  associated  with  an 
increased  risk  of  ADL  limitations  and  the  interaction 
between  depression  and  dementia  probability  sug¬ 
gested  that  depression  may  be  less  harmful,  in  relative 
terms,  among  the  cognitively  impaired  (OR  =  0.72; 
95%  Cl:  0.56,  0.92).  Not  drinking,  smoking,  and 
low  income  were  not  associated  with  an  increased  risk 

|  Table  2  Distribution  of  dementia  probability  score  and  number  of  any  incident  ADL  limitations  by  year 

Year 

2002  2004 

2006 

2008 

2010 

Any  incident 

ADL  limitation 

Dementia  probability  category, 

n  (%) 

0-0.25 

4,636  (94.2)  3,724  (93.7)  3,024  (93.1)  2,379  (92.3) 

1,819  (91.8)  1,493  (80.2) 

0.25-0.50 

146  (3.0)  119  (3.0) 

106  (3.3) 

105  (4.1) 

87  (4.4) 

131  (7.0) 

0.50-0.75 

65  (1.3)  68  (1.7) 

54  (1.7) 

49  (1.9) 

41  (2.1) 

92  (4.9) 

0.75-1 

75  (1.5)  63  (1.6) 

66  (2.0) 

45  (1.8) 

34  (1.7) 

145  (7.8) 

Any  incident  ADL  limitation,  n 

536  390 

378 

298 

259 

1,861 

Died  this  wave,  n 

0  255 

239 

216 

205 

915 

Did  not  respond,  n 

0  157 

95 

78 

94 

424 

Abbreviation:  ADL  =  activities  of  daily  living. 

Percentages  may  not  add  to  100%  because  of  rounding. 
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Table  3  Association  between  dementia  category  and  incident  ADL  limitations  including  interactions  between  dementia  category  and 
individual  health  factors 


Any  ADL  limitation 

Walking 

Dressing 

Eating 

Getting  in/out  of  bed 

Bathing 

Physical  activity 

Dementia  category 

1.83  (1.36,  2.46) 

1.57  (1.16,  2.14) 

2.25  (1.70,  2.98) 

2.62  (1.93,  3.56) 

1.78  (1.32,  2.39) 

2.71  (2.08,  3.54) 

Dementia  x  no  physical  activity 

0.86  (0.63,  1.18) 

0.96  (0.70,  1.32) 

0.71  (0.53,  0.95) 

0.68  (0.49,  0.93) 

0.90  (0.65,  1.22) 

0.64  (0.48,  0.85) 

No  physical  activity 

1.51  (1.25,  1.81) 

1.51  (1.15,  2.00) 

1.69  (1.35,  2.13) 

1.98  (1.39,  2.82) 

1.78  (1.32,  2.40) 

2.22  (1.69,  2.92) 

Drinking 

Dementia  category 

1.27  (0.88,  1.83) 

1.58  (1.10,  2.26) 

1.41  (0.95,  2.09) 

2.01  (1.43,  2.81) 

1.67  (1.17,  2.39) 

1.90  (1.39,  2.59) 

Dementia  X  not  drinking 

1.28  (0.87,  1.87) 

0.95  (0.65,  1.39) 

1.21  (0.81,  1.81) 

0.87  (0.61,  1.23) 

0.96  (0.67,  1.38) 

0.91  (0.66,  1.26) 

Not  drinking 

1.22  (0.96,  1.56) 

1.43  (1.04,  1.97) 

1.23  (0.92,  1.65) 

1.15  (0.77,  1.73) 

1.47  (1.00,  2.17) 

1.34  (0.97,  1.85) 

Smoking 

Dementia  category 

1.68  (1.51,  1.86) 

1.59  (1.43,  1.77) 

1.72  (1.53,  1.92) 

1.80  (1.59,  2.03) 

1.64  (1.45,  1.85) 

1.90  (1.72,  2.11) 

Dementia  category  x  smoking 

0.99  (0.39,  2.54) 

0.87  (0.38,  1.99) 

0.61  (0.30,  1.25) 

0.34  (0.16,  0.72) 

0.68  (0.37,  1.27) 

0.50  (0.21,  1.22) 

Smoking 

1.63  (0.94,  2.82) 

1.37  (0.69,  2.71) 

1.27  (0.66,  2.41) 

2.49  (1.21,  5.13) 

2.03  (0.97,  4.28) 

2.16  (1.19,  3.92) 

Depression 

Dementia  category 

1.71  (1.51,  1.93) 

1.62  (1.43,  1.83) 

1.78  (1.57,  2.01) 

1.99  (1.74,  2.28) 

1.67  (1.47,  1.89) 

1.94  (1.72,  2.19) 

Dementia  x  depression 

0.72  (0.56,  0.92) 

0.89  (0.65,  1.22) 

0.78  (0.62,  0.98) 

0.74  (0.55,  1.00) 

1.05  (0.77,  1.42) 

0.89  (0.67,  1.19) 

Depression 

1.59  (1.27,  2.01) 

1.69  (1.31,  2.17) 

1.54  (1.21,  1.95) 

2.65  (1.91,  3.70) 

1.53  (1.14,  2.06) 

1.47  (1.14,  1.89) 

Income 

Dementia  category 

1.58  (1.36,  1.82) 

1.76  (1.52,  2.04) 

1.89  (1.63,  2.19) 

2.11  (1.75,  2.55) 

1.96  (1.65,  2.32) 

2.11  (1.82,  2.45) 

Dementia  x  low  income 

1.24  (0.91,  1.70) 

0.75  (0.55,  1.02) 

0.91  (0.71,  1.17) 

0.93  (0.71,  1.23) 

1.02  (0.77,  1.34) 

1.15  (0.87,  1.54) 

Low  income 

0.95  (0.74,  1.23) 

1.30  (0.96,  1.75) 

0.93  (0.72,  1.21) 

1.32  (0.89,  1.96) 

1.05  (0.74,  1.49) 

0.92  (0.68,  1.23) 

Abbreviation:  ADL  =  activities  of  daily  living. 

Data  are  odds  ratio  (95%  confidence  interval).  We  adjusted  for  the  following  potential  time-constant  confounders:  age,  age  squared,  sex,  race,  southern 
birthplace,  education,  mother's  and  father's  educations,  and  height.  In  addition,  we  adjusted  for  the  following  time-varying  confounders  using  an  inverse 
probability  weighting  approach:  marital  status,  log  of  household  size-adjusted  wealth,  body  mass  index,  self-reported  comorbidities,  interview  wave,  and 
our  modifiers. 


of  ADL  limitations  and  the  interaction  between  these 
modifiers  and  dementia  was  also  close  to  the  null, 
suggesting  that  the  relative  harm  of  not  drinking, 
smoking,  or  low  income  was  similar  regardless  of 
dementia  probability. 

We  also  calculated  the  marginal  probability  of 
developing  any  incident  ADL  limitations  for  each 
combination  of  modifier  status  and  lowest  or  highest 
dementia  category  (figure  2).  For  example,  individu¬ 
als  in  the  lowest  dementia  category  who  are  smokers 
have  a  15.0%  probability  of  developing  any  incident 
ADL  limitation  within  2  years.  If  a  similar  person  is  a 
nonsmoker,  the  2-year  probability  of  developing  an 
ADL  limitation  is  only  9.9%,  thus  not  smoking  pre¬ 
dicts  a  5.1  percentage  point  decrease  in  the  probabil¬ 
ity  of  incident  ADL  limitations  among  those  with  low 
dementia  probability.  Smokers  with  the  highest 
dementia  scores  have  a  42.6%  chance  of  developing 
an  ADL  limitation  within  2  years,  but  physically 
active  individuals  with  high  dementia  probability 
have  only  a  32.6%  chance  of  developing  any  incident 
ADL  limitation  within  2  years.  Not  smoking  predicts 
a  10.0  percentage  point  decrease  in  the  probability  of 


incident  ADL  limitations  among  individuals  who  are 
in  the  highest  dementia  probability  category.  There¬ 
fore,  the  absolute  effect  of  not  smoking  is  predicted  to 
be  larger  among  those  with  higher  dementia  proba¬ 
bility.  Not  drinking  and  low  income  are  also  pre¬ 
dicted  to  have  larger  adverse  effects  on  the  absolute 
probability  of  developing  incident  ADL  limitations 
among  those  with  high  dementia  probability  than 
among  those  with  low  dementia  probability. 

DISCUSSION  Results  from  this  large  prospective 
cohort  study  indicate  that  the  relative  impact  of  modi¬ 
fiable  risk  factors  on  incident  ADL  limitations  was 
quite  similar  for  all  levels  of  cognitive  functioning. 
Because  disability  is  more  prevalent  among  individuals 
with  cognitive  impairment,  some  modifiable  risk  fac¬ 
tors  had  larger  absolute  benefits  for  individuals  at  high 
risk  of  dementia.  This  suggests  that  even  among  indi¬ 
viduals  with  substantial  cognitive  impairment,  manag¬ 
ing  conventional  risk  factors  is  very  important. 

Many  of  our  individual-level  modifiers  are  esta¬ 
blished  predictors  of  functional  decline  among  healthy 
elderly,  but  little  evidence  exists  about  whether  these 
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Figure  2  Marginal  predicted  probability  of  any  ADL  limitation  per  wave  by 
modifier  and  dementia  status 
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Bar  lengths  represent  actual  numbers  before  rounding.  Activities  of  daily  living  (ADL)  limita¬ 
tions  were  assessed  each  wave  (every  2  years).  We  adjusted  regression  models  for  the  fol¬ 
lowing  potential  confounders:  age,  age  squared,  sex,  race,  southern  birthplace,  education, 
mother's  and  father's  educations,  and  height.  In  addition,  we  accounted  for  the  following 
time-varying  confounders  using  an  inverse  probability  weighting  approach:  marital  status, 
log  of  household  size-adjusted  wealth,  body  mass  index,  self-reported  comorbidities,  inter¬ 
view  wave,  and  our  modifiers. 


advantages  generalize  to  populations  with  cognitive 
impairment.12  Smoking  and  depression  have  repeat¬ 
edly  been  linked  to  disability  measures. 13-18  Evidence 
on  alcohol  consumption  and  disability  has  been 
mixed.15,19  Moderate  alcohol  consumption  may  have 
a  protective  effect  for  general  physical  functioning,  but 
high  consumption  may  be  harmful.20  While  this  study 
does  not  specifically  assess  the  impact  of  initiating 


alcohol  consumption,  it  suggests  that  efforts  to  reduce 
alcohol  consumption  may  not  improve  ADL 
outcomes. 

Research  has  typically  focused  on  the  impact  of 
these  modifiers  on  disability  or  functional  limitations 
among  cognitively  normal  adults,13,15-17,19  although 
there  is  research  on  the  effects  of  physical  activity 
among  those  with  cognitive  impairment.  A  recent 
review  found  that  physical  activity  was  beneficial  for 
physical  functioning  and  ADL  for  mild,  moderate, 
and  severe  dementia.21  Some  physical  activity  inter¬ 
ventions  have  also  been  shown  to  improve  physical 
functioning  in  older  people  with  dementia.22 

Our  results  on  the  continuing  importance  of  modi¬ 
fiable  risk  factors  among  individuals  with  cognitive 
impairments  have  a  great  deal  of  clinical  relevance. 
Conventional  risk  factors  for  ADL  limitations,  such 
as  depression,  are  often  undertreated  among  those 
with  cognitive  impairment.5  Even  traditional  vascular 
risk  factors,  such  as  high  blood  pressure,  dyslipidemia, 
diabetes  mellitus,  smoking,  and  atherosclerotic  dis¬ 
ease,  may  be  untreated  in  those  with  cognitive  impair¬ 
ment.23  However,  healthy  risk  factor  profiles  may 
help  individuals  with  incipient  dementia  maintain 
functional  independence,  thereby  avoiding  institu¬ 
tionalization  and  decreasing  caregiver  burden. 

We  hypothesize  that  cognitive  impairment  may 
result  in  functional  limitations  through  a  multistep 
process.  Cognitive  function  may  be  most  relevant 
for  maintaining  independence  among  individuals 
with  some  level  of  physical  impairments,  who  need 
to  adopt  behavioral  accommodations  or  adaptive 
equipment  to  maintain  independence.  Because  con¬ 
ventional  risk  factors  delay  physical  impairments, 
they  are  very  valuable  for  delaying  dependence  among 
individuals  with  cognitive  impairment.  For  example, 
physical  activity,  smoking,  alcohol  use,  and  depres¬ 
sion  have  all  been  linked  to  cardiovascular  disease 
and  other  pathologies.  Cognitive  losses  and  conven¬ 
tional  risk  factors  may  create  unfortunate  cascades 
in  which  one  reinforces  the  other,  ultimately  culmi¬ 
nating  in  disability.  For  example,  an  individual  with 
cognitive  impairment  may  curtail  independent  leisure 
time  walks  or  other  physical  activity  because  of  safety 
concerns.  Recognition  of  memory  losses  may  lead  to 
sadness  and  depression  among  older  adults. 

As  with  all  observational  research,  we  cannot  rule 
out  unmeasured  confounding  and  therefore  cannot 
infer  that  the  observed  effects  are  causal.  Physical  im¬ 
pairments  may  affect  the  risk  factors  we  examined, 
thus  confounding  associations  between,  for  example, 
physical  activity  and  incident  ADL  limitations.  This 
study  only  focused  on  incident  ADL  limitations 
and  did  not  consider  instrumental  ADL,  which  may 
be  more  strongly  correlated  with  cognition.24  While 
the  modifiable  risk  factors  may  provide  ways  of 
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ameliorating  the  harmful  effect  of  dementia  probabil¬ 
ity,  dementia  probability  is  still  a  strong  risk  factor  for 
incident  ADL  limitations.  We  do  not  have  information 
on  lifetime  behavior  history  and  cannot  determine 
whether  the  beneficial  associations  are  only  present 
among  those  who  have  always  practiced  healthy  behav¬ 
iors.  In  addition,  our  measure  of  depression  may  not 
capture  differences  in  depression  severity  appropriately 
in  individuals  with  cognitive  impairment.  Differences 
in  depression  severity  may  be  one  possible  explanation 
for  the  unexpected  finding  that  depression  may  be  less 
harmful,  in  relative  terms,  among  those  with  cognitive 
impairment.  We  do  not  know  when  exactly  within  the 
2-year  time  period  between  assessments  that  the  ADL 
limitation  developed.  However,  we  used  information 
on  cognitive  status  and  health  modifiers  from  the  wave 
before  ADL  assessment  to  avoid  reverse  causation. 
Finally,  we  did  not  examine  disability  fluctuations  in 
this  study.  An  exploratory  analysis  of  our  data  found 
that  those  in  the  highest  dementia  probability  category 
had  lower  odds  of  transitioning  out  of  ADL  limitations 
than  those  in  the  lowest  dementia  probability  category. 
Therefore,  by  not  examining  fluctuations  in  ADL  dis¬ 
ability,  we  believe  that  our  results  are  conservative 
estimates  of  the  beneficial  effects  of  our  health  modi¬ 
fiers.  Because  those  with  the  highest  dementia  probabil¬ 
ity  are  the  least  likely  to  transition  out  of  the  disability 
state,  preventing  the  onset  of  ADL  limitations  is 
important. 

Among  the  strengths  of  this  study  is  that  it 
included  a  nationally  representative  sample  with  a 
long  prospective  follow-up;  the  longitudinal  data 
allowed  construction  of  a  statistical  model  reflecting 
the  hypothesized  temporal  sequencing  of  these  fac¬ 
tors.  Given  the  potential  dynamic  feedback  between 
cognitive  impairment  and  other  risk  factors,  we  used 
IPW,  currently  the  best  available  statistical  tool  to 
handle  time-varying  confounders  and  selective  attri¬ 
tion.  By  using  imputed  dementia  categories,  we  were 
able  to  use  information  from  proxy  reports  of  cogni¬ 
tive  status  instead  of  excluding  individuals  with  more 
severe  cognitive  impairments.  We  examined  both  rel¬ 
ative  and  absolute  effects;  absolute  effect  estimates  are 
most  relevant  for  evaluating  public  health  impact.25 

Smoking,  not  drinking,  and  having  low  income  may 
increase  the  risk  of  incident  ADL  limitations  among 
those  with  cognitive  impairments.  This  finding  has  crit¬ 
ical  importance  for  clinicians,  patients,  and  family  mem¬ 
bers  of  individuals  with  cognitive  impairments  or 
incipient  dementia.  By  managing  conventional  risk  fac¬ 
tors,  it  may  be  possible  to  stave  off  dependencies,  max¬ 
imize  quality  of  life,  and  minimize  caregiver  burden. 
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